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About this book 


Until the microscope was invented, people had no idea of 
the amazing microsc opic detail of the world around 
them. They were limited by the capabilities of the 
unaided human eve. Since its invention, though, the 
microscope has revealed a whole new world, and many 
important discoveries have been made which have solved 
important problems and changed the way we think. 


This book cenlres around a basic optica! microscope 
and what you can see wilh it, but il also shows other types 
of optical microscope, as well as the electron 
microscope and the staggering detail this can reveal. All 
the basic techniques are covered, such as lighting, 
mounting, sectioning and staining, and there is a wealth 
of suggestions lor Ihings you can look at 



CJsing the glossary 

1 he glossary on pagi: 4 7 is a useful retrren< e point k 
gives detailed explanations of the more complex terms 
used in the book, as we II as Introducing a number of 
more advanced terms. 


Applications 


The section in the book 
from page 38 to page 4 3 
covers the different uses 
d the microscope in the 
modern world, Ranging 
from quality control in 
industry to examining 
blood smears in 
hospitals, these may give 
you some ideas about 
careers which use 
microscopy. 


This mi an la Using a special / 
micr oscoj>e 10 check the quality 
(>F 4 cut di din and. 


Activities and projects 

As well as giving you lots of suggestions For things to 
look at with your microscope and giving you all the basic 
techniques you need, the book also has a selection of 
other activities. These all help you to get the 
best oul. of your microscope, there are 
different things to make, sue has 
your own microtome (for 
slicing sections), and ideas 
for preparations and 

tests, such as growing b> "" -^5^ Trap For 

Fungi to look at . **2^** 

^ Insects stilt so 

you cari k>oK at them* 


The history of the microscope 


Four hundred years ago, the world of the 
microscope was unexplored. The structure of the 
plants and animals wo knew was a mystery, and 
there were thousands more tiny plants and animals 


we did not even know about, The causes of disease 
could only be guessed ar and medical science was 
unknown. The invention of the microscope brought 
about a revolution in scientific knowledge. 



It ha^ been known foi over 2500 
years that glass bends light, but the 
first accuidte Jensen were not made 
until about the year 1300. Around 
the year 1600. ji was discovered that 
optica! instruments could be made 
by combining lenses. 


Antonie van 
Leeuwenhoek was a 
Dutch scienlist and 
one of the pioneers 
ol microscopy in 
the late E 7lh 
century, fie made 
his own simple 
microscopes which 
had a single lens 
and were hand- 
held. He made 
many drawings ol 
whar he saw and 
discovered 
bacteria, although 
he did not know 
what they were. 


In the mid I 7th century, fioberl 
Hooke drew pictures of cork seen 
through hi$ microscope. Like van 
Leeuwenhoek, he did not know 
exactly what he had seen, 

Hoek^ drew pictures o( c nrk cells. 


r he word microscope 
comes from the words 
micro, meaning very 
small, and scope, 
meaning an instrumenl 
for looking at objects. 
Anything which is too 
small For the eye to see 
is known as 
microscopic. 


Hoar's 
ink rose tjpi 


Elaborate / 
3 7SS 

microscope 


Oflt of van 
Leeuwenhoek's 
m^soseopca . 


Make a simple microscope 

Here you can find out how lo make 
a model of van Leeuwenhoek s 
singledens microscope. It uses a 
water droplet instead of yJass. ft will 
show you how diffrculL !i(e was for 
early microscopists. 

Cut a piece of Stiff card 1 0cm t:iy 
3cm and make a hole at one end 
with a hole punch, oi 
with a drawing pin 
and a sharp 

\ tnTn> -. P enclL 


Dip a pencil into _ 

some water . 

and hold it 1 — f : 

above ttie Drop water 

plastic over ov * rbok 

the hole. Try to gel a drop of water 
la fail ovni the hole 


All the early rnicroscopists saw very 
distorted urnuges due in the low 
quality of the glass and imperfect 
shape of their lenses. Lenses 
improved a lol through the I9lh 
century, and I he microscope as we 
know il was gradually developed 

SI ,3 Exam pje s flf early *v 

r u r micn&ScopeiiA. 


Hold Lhe microscope very dose to 
your eye and look iti rough the 
drop. Move very dose to the ubfert 
you warn to look at. It should 
appeat greatly magnified 

print in a 
* good tiling to 
Start with. 


Walcr-d i dp 
Jens above hole 


Bfcnaajlar 
miei oscojHi 
{I&60} 

Hull]- ocular 

ittte rusco-pt 
1 1 880) 


Holt rhhciuJif hr 
about Srnni wkte 


or stilt card 






Put a small piece of 
dear plastic (possibly 
from food packaging) 
over the hale, and 
stick it down with 
sticky tape. 


Your image will not be very bright 
or very clear, but it is probably as 
good as the ones seen by early 
micrascopisis. If is very distorted 
your water drop is probably not 
round, so liy again. 


Plastic 


In 1333. the first electron 
microscope was built. This type o\ 
microscope can magnify things 
hundreds of limes more- than optical 
microscopes {see pages 44-45), 
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The scale of things 

Instruments like, the microscope and 
telescope have led us to discover many 
things which were too small or too far 
away to see before. We have been able 
to place ourselves w ! ithin the scale of 
sizes in the universe. 


Very large, or very small numbers 
have lots of zeros in them. To 
save writing all these, the 
numbers are often written in a 
special way. For example, I 000 
(one thousand) is written 1 0 5 
and J 000 000 (one million) is 


written ID 45 . Numbers less than 
one have a negative number 
above the ten, so U.001 is written 
IQ -3 and 0.000 00 1 is written 
lQ -h . The number written above 
she ten is the same as the 
number of zeros. 



The distance Elgin travels in j year, Jl 
is called ii light ycai and Is Used to 
describe distances In outer space. It 
Is UJ 000 tight years across our 

galaxy. 


3 he tallest buildings 
arc about, SCO 
metres hbgh. 



Humans arc 
ah-out 2 metres 
tall. The metre is 
the standard 
measurement of 
length. 




1 centimetre 



I millimetre 


About the sue of the smallest 
objects we can See (0. 1 
miEltmehcs). It is the beginning 
□I the micros cu pic scale. 


Ahoul the sue or Itie smallest 
thing which can be seen with 
an Qptkal micrnscope- 


Aboul The size of the smafat 
object whkh can he seen Yrith an 
election microscope, ahemi the 
length of a large molecule.. 


Atom 
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The distance to the x u n ts ovc i 1 0 1 1 
metres “the actual distance Is ISO 
million kilometres. In Inner *pace 
and on earth, di stances are usually 
measured In kHometres (one 
kllomeire equals I OOO metres). 
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The distance to the moon is 
ovei IO B mettes- the 
actual dtstance; Is 380 000 
D00 metres (380 f>00 
klometres)* 


The earth is 12 000 000 
metros 1 12 000 klometres) 
across . 


These sizes are in our 
"human scale". 



The 

thickness 

of the 
outside 
wall of a 
plant cell 


Plant cell wall 


The width 
ol an atom 


Model of atom 

Nucleus of \l 4v 

protons and tX r 

neutrons * 


n 


Tin- width of a subatomic particle 
(proton ot neutron), part of the 
nucleus of an atom. 


Magnifying glasses 


Printing 


With a magnifying glass, objects 
appear to b<- about three to about 
ten times larger than their real 
size {this is called a magnification 
of about three to ten ), On page 
42 you can see how a magnifying 


glass bends light rays from an 
object to make it appear larger. 
You will be able to see more with 
a good magnifying glass than 
with a cheap microscope. 


Gather together as many different 
types of printing as you can find. Gse 
your magnifying glass to look at the 
letters and pictures. Try to see how 
they have been made. 


the letter* In books and newspapers have 
very smooth edges. They are printed in ink- 



Types of magnifying glass 

Here you can see some of the 
many different types of magnifying 
glass available Most of 1 hem are 


made specially for a cenatn use. On 
page 7 you can see how to make a 
stereo magnifying glass. 


Hand-heto tense* 


Plastic I ms 


Lens in a metdl 
case For field work. 
Somslimss called 
a fold len s. 


Ptece glass or linen 
tester. Hss a 
measuring sosfle .it 
the base- used for 
coyoting texllte 
threads. 


Stereo headland ma^nifis*, 
Object -appears, in 
three dime nsions . 


Watchmakers 
eyeglass, Held in 
eyt socket lo 
leave both hands 
free lor work * 


[Magnifying box with lens- 
shaped lid. Used For looking 
at small animals. 


Tripod 

magnifying^** 


Using a magnifying glass 

You should hold a hand held 
magnifying glass close to your eye 
with one hand. Bring the object 
closer until it comes into focus 


(looks sharp and clear). You do not 
need to do this if your magnifying 
glass has a stand, 1 he object will 
always be In focus, 



Obje ct seen 
through 

magmfytngi gia*s 
with stand Js 
pcrmartenlfy in 
locus , 


A 


l* 
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Letters and numbers 
on computer-written 

bills are made from 
tots of tiny {tots. \_E 
They are printed with 
a dot matrix printer. q 


Typewriters stamp 
each tester through 
an Ink ribbon from a 
m etal shape. The 
shape may be 
damaged. If so, the 
letter wNI he \ 
imperfect. \ 


Block and while 
picture* (0 
newspapers aFe 
made from black 
dots. 


Dark areas ire made j 
Irom large dots which 
Can overlap. 
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Paper fibres 


Fibres and fabrics 



Look ut the fabrics in your clothes 
and other household tilings like 
furniture -and umbrellas. Try to find 


both natural and man-made 
fabrics. Also find some different 
types of thread, such as cotton. 


Collect together as many different 
types of paper as you can find. Tear a 
small snip off each to make a rough 
edge. Look at the surface and the 
torn edge with your magnifying 
glass. 


Fabrics 3 re mad ft 
by weaving 
together threads 
cal led yarns. 


The arrangement 
and colours of 
ihe yams make 
the pattern in Eire 
labric. 


You should see that 
pager is made from 
m iilion s ot tiny stra n rfs 


Yams are made From bunches of fibres 


The strands are 
fibres of wood. 


Man-made yarns, 
such as nylon and 
polyester,, are made 
from one or more 
different types of 
ma n -made fibre . 


PtaluEallyaTiiSi Such 
as cotton and wool, 
arc made front 
many natural fibres 
twisted together. 


Wilting paper or 
magazine, paper 
has fine strands 
and a smooth 
surface- 


rtewspaper has 
larger fibres- The 
papei is not as good 
as writing paper. 

Tissue papei has 
laige fibres which aie 
Spread Out. ft soaks 
up iiq a ids because 
they flow into the 
spaces between the 


Skin 

Look closely dt different areas of t 
your skin using your magnifying ■ 

1 The ski p on your 
v >> " fingertips Is very 
jtfC sensitive and has 

\ manyiklges. 

These produce 
fingerprints (see 
j I pages 38- 3<t>. 

You may sec small 
* pores between the 

i ridges. 


glass. You witt find different types of 
skin in differ etiL places. 

Tj fhc skin on 

*wSj/ f J y° u r arms i ** 

// r / . f \ smoother and 

/ / / / * A \ less sensitive. 


Hairs grow 
from hair 
foLlldes 
under the skin. 


Magnifying in stereo 


Tape a narrow 
strip of card 
between the 
uprights to keep 
them in place. 


Cut a strip from the card about 2cm wider than 
the magnifying glasses. 


Here you can find out flow to make a 
stereo magnifier. With it you can .see 
the depth of objects because you are 
looking with both eyes and can see 
in three dimensions. You will find it 
useful in some of the projects in this 
book. 


Make three bends in the card . 
Score the top side first to nuke it 
easier to bend. 


Put a magnifying 
glass over each 
half dl the hole 
and use sticky 
tape to hold 
them in pia^e. 


You will need two similar magnifying 
glasses. They should be about 4cm 
wide and have quite a low 
magnification. Plastic ones are best 
because they are cheap and light. 
You also need a piece of thick card 
and some sticky tape. 


Cut a hair: to look through out of 
the middle. It should br. narrow 
enough so that the magnifying 
glasses do ml fall through- 


put the magnifier over the object you want 
to took at arid took through with both 
eyes to See the StGTeO image. You can u se 
a lamp to' light up the object. 


The ends of the card should be high enough so 
that the surface under the magnifying glasses fi 
in focus- 
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Types of microscope 


A microscope magnifies an object many more 
times than a magnifying glass by using two lenses. 
The objective lens magnifies the object and 
produces an image oF it, This image is then 
magnified by the eyepiece (the second lens} to 


produce another image, the one you see when you 
look Ihrough the microscope. See page 43 to find 
out how the lenses work. Optical microscopes can 
normally magnify from about 50 to about 1000 
times, but 2000 times is possible. 






A simple optical microscope 

The microscope shown here is a simple 
optical microscope which you would buy 
for use at home or find in the sc hoof 
laboratory, More advanced -and expensive 
microscopes work in the same way, but 
rticjy have other special Features. 

The eyepiece (or eye lens) magnifies the 
image From the objective lens (see below) 
to form the image you see. On some 


The objective Sens 
magnifies the object to 
make the image "seerf 
by the eyepiece. There are 
normally three objective 


The object to be looked at is 
placed on Ihe Flat stage under the 
objective Jens in the nosepiece. 
The stage is normally fixed in 
position. The object is usually 
mounted on a glass slide, and this 


Turning the Focusing knobs 
changes the distance of the 


objective lens from the object (to 
get the image in Focusj. 


and light is shone through them 
from underneath. The 
illumination system which does 
this is under the stage. 

The simplest illuminator is a 
mirror which you rotate to reflect 
light from a window or a lamp up 
through the hole in the stage and 
onto the object, Some 
microscopes have a tamp built 
into the base instead. 


More advanced microscopes may 
have an aperture control under the 
stage. This controls the amount of 
light which goes through the stage 
onto the object They may also have 
a condenser, which concentrates the 
light onto the object, 


lenses, with different 
magnifications, which screw 
into a plate called the 
nosepiece. You rotate this to 
choose The lens. 


Es held in place with two spring 
dips. There is a hole in the centre 
of the stage through which light 
passes when an object is being III 
from underneath. 


Many objects which are looked at 
under the microscope are cut into 
very thin slices (see pages 24^25) 


microscopes you 

for one 
a different 
magnification. 


Some microscopes 
are fitted with a zoom eyepiece. II you 
twist this, the magnification changes, so 
that you "zoom" in on the image. 


& 



Magnification 


The magnification of an image 
is the number of times larger it 
is than the object. Lenses of 
different magnifying powers i 
give different magnifications. A 
microscope's magnifying 
power is that of the two lenses 
multiplied together 


A projector screen can 
he fitted so that the 
image you would 
normally see is 
projected onto a 
screen. This system is 
used tor teaching, 
where a whole class 
can see the object. 


x400 


A microscope will normally have Llucc objective 
lenses like this. They 3ie the low, 
medium and high power lenses, 


Mors optical microscopes 

Here you can see some of the different 
types of microscope available Although 
they all look different, they work in much 
the same way as the simple optical 
microscope, Vou will find some 
other more specialist microscopes 
explained indifferent places 
in this hook. 


Microscope with 
projector screen 


A camera ran be attached 
to a microscope in place of 
(he eyepiece. Photographs 
of the object can then be 
taken so that a permanent 
record can bn kept, 


Binocular 

initJOSCOfH? 


Binocular microscopes have two 
eyepieces to make viewing more 
Comfortable. Both eyes see the 
same image fit is not in three 
dimensions, as with the 
stereo rniCFoscope below), A 
iriuJli- ocular microscope has two 
or more eyepieces so that more 
than one person can look through 
it at once. 


A video earners 
tan be altar hed 
to some 
microscopes so 
images of 
moving objects 
(like tiny 
animals) can be 
shown on a 
screen and 
recorded un 
video lapc- 


Field microscopes are light and 
compact so that they can be 
carried around outdoors. They are 
used in field studies to look at 
objects which could not be taken 
back to a laboratory. 


A stereomicros tope consists ot a 
pair of microscopes, one lor each 
eye. The objecl is seen rn three 
dimensions because each eye has 
a different view. The magnification 
is lower than in a normal 
microscope, but the images you 
see are much more spectacular. 


electron microscopes 

An optical microscope can only 
magnify objects up to about 2000 
times. Some electron microscopes can 
magnify up to about 250 000 times (for 
more about them, see pages 44-45). 

Scanning eteciron 
A rS\ m ' c roscope 


This simple fldd 
microscope has one 
objective lens and an 
overall mdynilkdLiun 
of about *50. 


A Held 

microscope with 
three abjective 
te ii.se s and a slape 
for holding slid es. 
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How to use a microscope 



Before you use your microscope, you need to know 
how to set it up properly These two pages contain 
instructions for you to follow. You should come 
back to here each time you use your microscope, 
until you know the instructions by heart. As well as 


the microscope, you will need other equipment, 
such as s tides and pipettes (there is a list on page 
46). You will find out how to use these when they are 
needed for experiments in the book 


Where to set up your microscope 

You will need a steady table to stand 
your microscope on. Position the 
microscope so that you can sit at the 
table and look down through the 
eyepiece without stretching or leaning 
over. Try to use a large table so that you 
have plenty of space for preparing 
slides and storing other equipment. 


Slide box 


Mounting 

ro^tfle 


Lighting 

Any object you look at through your microscope must be lighting), where Lhe light comes from below and goes 
well lit for you to see it in detail. The Instructions below through the object (see also top fighting, page 13). Your 
show you how to set up bottom lighting (or transmitted light source can be a window or a lamp. 


Most microscopes let you Lilt the 
ocular lube backwards and forwards 
so that it is easier to look through It If 
you can do this with your 
microscope, adjust the lube to a 
comfortable angle. 


If you are using a lamp for your 
lighting, put it about 20cm away 
from the microscope. Adjust the 
lamp so that the light points towards 
the mirror under the stage. 


I urn the nose piece on your 
microscope so that you will look 
through the lowest power objective 
lens. This is normally the shortest 
one. If your microscope has an 
aperture control, open it fully. 


Mostplctc 


Ocular 

lube 


Look through the microscope. 
You should see a circle of light 
against a black background. 
Twist Lhe mirror around to 
make lhe circle as bright and 
even as possible. 


If you cannot see a circle of 
light your objective lens is 
probably not in line with Lhe 
ocular tube. Adjust the 
nosepiece until you hear the 
lens click into place- 


10 



Looking at a slide 

The following instructions show you how to look at a 
microscope slide. You will probably get a ready made 
slide with your microscope outfit which you can practise 
with. If not, put a few grains of salt or sugar in the centre 


Make sure you know which 
way you need to turn the 
foc using knob to make the 
lens move up and down. 
Practise raising and 
lowering the lenses. 




Some microscopes have 
what is known as stage 
focusing. When you turn 
the focusing knob, the 
whole Stage moves up and 
down instead of the 




Turn the focusing knob to 
raise the Jens as far as 
possible and turn the 
noscpiece to select the 
lowest power lens. Always 
start with this lens. It lets 
you see moie of the object, 
so you can find the pari 
are interested in more 


Put your slide on the stage 
so that the centre (the bit 
you want to look at) is over 
the hole and under the 
lens, Lise the clips to hold 
the slide in place. 


of a clear c damp slide instead. You should follow the 
instructions below from the start each time you look at a 
slide, until you know them weJL 




Look from the side with 
your eyes level with the 
stage. Turn the focusing 
knob to bring the lens 
down very dose to. but not 
touching, the slide. 

V 


Mow look down through 
the microscope and slowly 
raise Hie lens by turning 
the focusing knob. At 
some point as the lens 
moves up. the object will 
come into focus (it will 
become sharp and dear). 


Mow adjust Ihe apenure 
control if you have one. 
Close it until the circle of 
light dims, and then opeEi 
it again sfightly. This will 
stop light from around the 
object getting in and 
spoiling the image. 


Warning 


Mevcr lower the lens 
while you are looking 
through the microscope. 
You could hit the slide 
with the lens, breaking 
the slide and perhaps 
even the lens itself. 


You can slowly move a slide around to find the 
bit of an object you are interested in. The image 
will move in the opposite direction to that in 
which you move Hie slide. It is also upside down 
and reversed from side to side, 

You can took at bits of the image in more detail 
with a higher power objective lens. Raise the 
lenses before selecting the new one. then 
reTocus, using the same steps as before. 


Inject specimen 
on slide 
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First microscope projects 


On Ihese two pages, there are some suggestions 
for basic things to look at with your rnicroscope. 
These projects are quite simple and only need a 
little preparation. They will help you to get used to 
focusing your microscope and lighting objects In 


different ways. Remember to follow the instr uctions 
on pages 10-11, For some of the projects, you will 
need top lighting, which is explained on the 
opposite page. 


Feathers 

Find a white feather which 15 
undamaged. Using a pair ot sharp 
scissors, cut quI a piece as shown 
in the diagram below. Trap it 
between two slides and use some 
tape to hold the slides together. 
Examine the piece of feather using 
bottom lighting. See if you can 
identify its structure. 


Hairs 

Take a hair from your head and put 
il on a slide. Hold it ini place with 
two small pieces oi sticky tape and 
look carefully at the surface of the 
hair, Try top and then bottom 
lighting, If you have any pets, look 
at their hairs in the same way. You 
can gel sheep's hair from a pure 
wool jumper. 


Cut a piece about 
2cm long ^ 



4 

Shaft 


Spike* Called barbs. 


Along the edges 
d! the fckaibs are 
hundreds of tiny 
<fc mJnktMFb£ ,p , or 
Eurbulea. The 
barbules fio-m 
am barb have 
tiny hooks ^Ulch 
hold the barbules. 
of the bark neat 
to it. 


This interlocking arrangement keeps 
feathers in shape while a bird as flying. 


Glass 

Make a mark on a slide with a felt 
pen, pul the slide on the stage and 
focus on the mark using top 
lighting. The surface of the slide 
should be in focus, Move the slide 
until you can see its edge. 


You cart see that 
the gl&ss is not 
cut cleanly It has 
heert broken 
along a st raight 





$te h 0^ many different hairs you tan Hud. 



Photographs 

Find as many different types of 
photograph as you can, Try to 
include both black and white and 
colour negatives, prints and slides. 
You do not need to put them on a 
slide, just hold them on the stage 
with the clips. (Jse top lighting for 
prints and bottom lighting For 
negatives and slides. Try looking at 
the different areas which make up 
the picture. 


Or> black and 
white negative*, 
you tm see tiny 
dark particles. 
They die formed 
from Crystals 
which change 
when light bits 
fbem. Tliis 
process records 
the photograph. 



The colour?;; on coloured slides and 
negative have patches; of three colours 
which form alt the other colours. 


You will need your highest power objective 
Jens and good top lighting to see the grains 
on prints. They are much smaller than, the 
does on the and negatives, 


ia 


Dust 


Scrape a small amount o( dust onto 
a slide and examine it using top 
lighting, Look al the whole of the 
slide and try to work out whal all the 
different bits are 






Pieces at hair 


Fibres from paper 
rind doth 

Household dust hjs 
kits u ! bits of dead 
skin 111 IL 


in towns, there will 

be sooi particles. 


Top lighting 

On page 10, you learnt how- 
to adjust your microscope 
for lighting from under the 
stage. This type ol lighting 
(bottom lighting or 
transmitted lighting} is used 
for transparent objects. 
Some Objects are not 
transparent and will just 
appear as a dark shape if 
you use bottom lighting. 
They have to be lit from 
above to see them in any 
detail. This is called top 
lighting. 


Slides 

Slides which you buy from a 
microscope shop are usually a 
standard sezo of 75mm by 
25mm. and are about I mm to 
2mm thick, although slides 
from a microscope kft may be 
smaller and thinner. They are 
made of glass so that they can 
he used whether you are using 
top or bottom lighting (with 
bottom lighting, the light has to 
come up through 1 hem). 



You will nee <t to move the 
lamp around to get rhe b^r 
lighlinq, 


Light reflects Irom* utijeci 
into lejuta. 


Alter the mirror so 1 hat no 
tight conics uplhrough the 
Stage. 


Types Gt slide 


Cavity and ling slides tvu 
euftmirlirt] pond eiralurt 
in a drop Of wider. 


Cove I iiEip^ are very thin tmd ly broken. T hey aie used la 
cover the bbject i'b the slide »md help to stop it drying OUL 
You tan find out how to une I hem id make temporary ant! 
semi* permanent mounts on popes 14-15 arid Ifi, 


You cart buy prepared slides Irani 

microscope shops. They sdrea*ty have 
specimens on them. 


Drawing what you see 

Making drawings Isa good way of 
keeping a record of what vou see 


!h rough your microscope. Here 
arc some tips which may help 


you. Make sure you ate sitting in 
-j comfortable position. 



Look down the microscope 
with one mye and at your 
pqpei with the other. 

Ahvnys use e\ 

sharp HE pencil. 





Draw a circle first amt light ly 
draw ;i grid over it, This will help 
you draw [be del ails ill the 
correct place and S the rlffjhi 
stic. 


tiLvc yam drawing a title, Also 
make a note ol the 
nugnirKivtion you used, and 
ihe date. 


Li 


A first look at cells 


Most plant and animal tissue is made up of different 
units called cells. These were First seen by Robert 
Hooke when he looked at a piece of cork, Within 


of cell, each doing a different job. They are all 
important to the process oF keeping the plant or 
animal alive. 





pair of tweezers 
make a fempon 


each plant or animal, there are many different types 


Layer yf otsion flesh. 


Preparing cells 

Normally, when scientists 
want to look at cells from 
a plant or animal, they 
cutoff a very thin slice 
called a section (see 
pages 24-25). 

However, you can look 
at plant cells from an 
onion and animaJ cells 
from your cheek without 
making a section 

On pages 30-31 „ you 
can find out how to stain 
samples to see them 
better, but you can start 
off by looking at them as 
they are. You should still 
see the main features. 


Remove the brown skin 
from the outside of an 
onion and cut out a piece 
from a layer of the inside 
llesh as shown in the 
diagram. On the inside 
you will find a very then, 
almost transparent 
membrane ( ’skin"). 

-1 thisiaujau using a 

temporary mount 
hy following the 
instructions in the panel 
below. Look at the slide 
using bottom lighting 
(the cells will be almost 
transparent). 


Mtmbrarse under 
low power 

Individual cells 


You may be afote to sec a roundish patch 
in each cell. This Is the nude us - ihe 
ceM's ccmtiol centre. 


Liy filly scrape the handle 
ol a dean disinfected 
spoon around the inside 
of your cheek. Carefully 
wipe the scrapings onto 
the centre gf a slide and 
spread them out gently 
with the edge of another 
dido. 

Leave the cells to dry, 
or dry them by waving 
the slide in the air, and 
then make a temporary 
mount Examine the slide 
using bottom lighting. 



Spread the ccJFs wish |fit 
ol d slide. 1 hi a is called 
j smear. ^ 

Cheek cells y|«wrd 
under low power 

Animal ceEls dfe k*ss 

rfiguJar in shape thdh 
J1S..H1I cells. 


You maif he able 
to See the nuclei a^din 


After use, always 
disinfect slides, 
seal them in a 
plastic hiii>:] and 
ihrow them awa y. 


NEVER lake cells 
Trorn anyone's cheek 
but you* own. 


Making a temporary mount 

Most biological specimens 
have to bp kept wel. 

Otherwise, they will dry up 
and decay. If the specimen 
is only going to be kepi for a 
short time, a temporary or 
wet mount is used. You can 
find out how to make a 
semi-permanent mount on 
page 36 



Place a chop of water on 
a clean slide using a 
pipette or glass rod. 


Carefully transfer the 
specimen into the drop 
of water. 


Pick up a cover slip by its 
edges and ptace one 
edge on the slide. 
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Cell structure 


Special cells 


in Ole experiments on (he 
left you cou ! d see the 
outline of the cel] and 
perhaps the nucleus. With 
higher power, you wouid 


be able to see more 
features inside cells. The 
pictures below show the 
main differences between 
plant and animal cells. 


Animal cell 



The nucleus is found m nearly ail 
cslls. It controls everything 
which happens in a cell. 

, — The conlent* erf I he cell 
{ except (nr the nucleus) 
are called cytoplasm. 
This can contain a 
numbs* oF special 
things. 

Animal cells have 
granule.* dF glycogen 
which act as a Food 
stoff- 


Tbc cdl membrane is a thrii 
layer which holds in the 
contents (hut kts liquids 
and gases through J. 


You have seen that 
animal and plant cells are 
different by looking at 
onion and cheek cells. 
There are also many 
different types of plant 
and animat cell. These 

Specialised cells 


vary widely in size, shape 
and appearance. This is 
because each type ot cell 
i$ specialized to do a 
certain job within the 
plant or animal There 
are two examples below. 


Animal nerve cells cany electrical signal 
to end From the brain. 


Tile llwe of a nea-ve celt can be 
several metres lung in large 
animals like whales. 



Plant cell 

A ccH wall Is only found 
In plant cells. It is 
much thicker than 
the cell membrane 
and keeps the ceS h s 
shape. 


Chloraplasts- are 
Found in plant cells. 

They make food - - . 


make leaves green. 
Plans cells also 
contain starch 
granules which are a 
stofe of Food. 


Many cells have 

fluid Filled spaces 

called vacuole.*. In plant celts. 


Pairs g# guard cells on the 
underside of a leaf change 
shape to open or close holes 
through which the leaf 
H breatheH ,r (see also page 27). 



the cell’s shape. 




l 


1 



1 W E 




uL'^% M 


c 





You may trap some air 

Lower the other edge of 

bubbles. They look like 

the slip* The water will 

dark rings under the 


spread out under it, Soak 

microscope. A few do not 

up any excess with 

matter, but try again if 


blotting paper. 

there are lots. 

1 


Robed Hooke was a 1 7th 
century microscopic. He 
examined cork and saw 
tliat it had a regular 
structure of units, which he 
called cells (see also 
pictures, page 4). You can 


see these cells it you look 
at a slice of a cork. Either 
just put a largish piece on 
the stage, or make a 
temporary mount of a very 
small piece. (Jse top 
lighting. 


ps? 


The cells ate 
,jl dedd wood colls. 

! ' Each has A c jvity 
inside. 


Cork Cells 



See pdg^ 27 (of 
pend wood 
ells. 


ass. 
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Simple organisms 


On the next four pages, you c an find out more 
about looking at very simple living things flower ' 1 
organisms). They do not have the same structure of 


cells as true plants and animals (' higher" 
organisms), and are normally thought of as being 
neither plants nor animals. 


Bacteria 

Bacteria are very tiny 
organisms made up of just 
one unit, which is simpler 
than and very different to a 
plant or animal cell. They 
l:ve and multiply anywhere 
they can find a source of 
energy to live on. Some live 
on or in other living things., 
either being harmful 


(causing diseases) or useful, 
for example, protecting 
against more haimful 
bacteria. Most bacteria, 
though, live on or in dead 
plants and animals and their 
actions cause decay 
(rotting), This is very 
important - see 
decomposing, page \&. 


Looking at bacteria 



We all butter From disease* ■ . ■'luSvcS by bacteria, 
but we also have u^tul bacteria livin-g Ln om 
hodi-cs, like those which belj> OS digest fowl. 


fJod-Lbsped bacteria are 
called bacilli (sing, 
bacillus 


Groups (colonies) of bacteria can be 
seen easily with low power (a single 
bacterium is too small). Bacteria 
form colonies very rapidly 
(multiplying by splitting in two) as 
long as there is enough food. 


You can grow colonies of harmless 
bacteria on jelly In shallow dishes 
with lids I petri dishes sec page 46). 
For about 12 dishes of jelly you will 
need a vegetable stock cube and 
either a pack ol agar (ordered from a 



Vegetable slock cube 

.... 

ll# /Vyiii j fr r 

Always be very 
careful with 
boiling war tt. 


Gelatin m agar 


Dissolve the stock cube and I5g 
( f / 20 z) of agar or all tile gelatin or 
dessert mix in '/a pint (250ml) of 
boiling water. Simmer for 30 mins-. 



Standard size 
petri dish 


Sterilize the dishes and lids by 
boiling them quickly in water. Leave 
them in the water to cool. 



chemist) or a standard ( 1 pint 
500ml J pack of gelatin or even a 
standard ( I pint) pack of dessert mix 
(if it contains a gelling agent like 
agar, carragheen an or guar gum}. 


Pour a shallow layer of jelly into each 
dish r put ihe lids on arid leave the 
jelly to set. T fieri store the dishes 
upside-down until you need them. 
This stops water caused by 
condensation failing on the felly. 


Fingertip test 

Press a dean. washed 
fingertip onto the surfac e 
ol the jelly in u dish. Pul 
the lid on the dish and 
leave it for a few days in 
fi warm place After this 
time, you should aeu pale 
whitish or creamy blobs 



Hly in the outline of your 
fingertip f n look at these 
you cun either remove the 
Ird and put the dish on the 
microscope stage 1 , or cui 
out n sliver of jelly with 
I mi ter in on. a rid place it 
on a slide Before you do 
anything, though, and as 


( uuunc G! . a 

fln^uillji tffttl youxflEiqci U^Et fen 
a few days x to? them, 






& pu remove (he lid, you must carefully dribble 

sorriH (JisinftH lanl over the bacteria, and (hen leave 
Ibis lor a low rnirmifs. When viewing, irv Iralh lop and 
boltom lighting - top lighting will probably be best. 

Silo* cl 
jelly placed 

on ilkJ-e 


V| J 




t\J\ A, \ 1 A 

r Vou should 

4 V - y/v 1 • l ; * 

see otic or 

Tak* tare with 

more 

knives and 

colonies. 

scalpefcs. 

They may be 
dirtcjerit 


shapes. 




Viruses 



Testing food for bacteria 


Viruses are the smallest type of 
organism known to man. Some 
^dentists think they are just 
complicated chemical substances, 
rather than Irving things They 
cannot exist on their own, but 
instead they 1 invade 1 the cells of 
living things. They "force” these celts 
to make more of themselves (more 
of the virus). In this way, they 
reproduce and spread, causing 
many different kinds of diseases, 
ranging from colds and Flu to killer 
diseases like AIDS. 

Viruses were not discovered until 
long after bacteria, because they are 
too small to be seen with an optical 
microscope. However, scientists can 
now study them In detail with 
electron microscopes, and work out 
what they are made of. The scientists 
often make models to help them in 
their research. 


Many different Foodstuffs contain 
harmless bacteria. You can use 
youi jelly to test for these. The test 
below examines Flour 


f You may have to top 
Wale r level higher up the p#n uHlh 
? han in pan. Slops l>oiMng witter to stop 
bottle falling over. it boiling dry. 

Put ihe bottle in a pan oF water and 
boil the water for about I hour wMh 
the pan lid on. 


hirst make some sterilized water. 
Put about 25ml of water into a 
small, clean bottle (like a cough 
medicine bottle) and put a loose 
cotton wool stopper in the neck. 


Allow your bottle of sterilized water 
10 cool in the pan with the lid on 
before you u$e It Add about Igm 
of flour to the water and mix well. 


Remove the lid from a dish of jelly and use a 
sterilized (boiled) glass rod or pipette to place 
some drops of the Flour mixture onto the jelly, 
well spaced out in a circle. 

Put the lid back on and leave the dish in a warm 
place for about 24 hours. If the flour contained 
bacteria, colonies will grow (yellow, white or 
possibly pinkish) In the places where you put the 
mixture On the jelly. 

Look at the bacteria in the same way as before. 

Slcetff . y 

jeliy placed 
on slide 


Virus which 
causes throat 
Infection, 

viewed under 

electron 

microscope. 


Yellowy bacterid 
colonies 


Model u f virus — 
helps scientists 
investigate how it 
acts. 


Aftei use. 
dislnfecl slides, 
seal I hem inrt 
plastic hag and 
throw them 


Diflerent 
bacE end c o Ionic s 


All viruses are 
amazingly 
symmetrical in 
the I j shape. 


more solid things). With things like 
dried Fruit, soak them in the water, 
and then use the water. 


Mow try testing some otFier loods 
Most things can be mixed with 
water (mash small amounts of 
Good things lo look at 


Scientists grow viruses For study inside 
masses or living cells (in lest tubes of 
bottles}, which arc kept alive and mulhptying 
by giving l he m She right food- t 


Some of these may 
also develop fungi 
(seepages IB 19), 


Canned foods (leave 
open for 24 hours C 




Fungi 


Looking at fungi 


Fungi arc simple organisms, 
with no true cell structure, 
though they are more complex 
in structure than bacteria or 
viruses. They can be seen 

Decomposing 


everywhere, for example, 
mould on bread or 
mushrooms in woods. Here 
you can find out how to look at 
them with your microscope. 



Plants need simple 
chemicals to grow. They 
make corns ' 




Animals need to 
cat plants ( or 
jiltf nl - eating 
otftmals). 


Decomposer* cause 
decay of dead plant* and 
animate- They return 
simple chemicals to the 
earth, sir arid watei. 


Fungi cannot make their own 
food like green plants do. Instead, 
like bacteria, they teed on other 
substances, some on living tissue, 
but most on dead plants and 
animals. 1 his is very important to 
all other living things. As they 
feed, the fungi and bacteria make 
the dead matter decay ( rot ). Th is 


is called decomposing. The 
complex chemicals in the dead 
matter are broken down into 
simple chemicals containing 
nitrogen and carbon. Once they 
fire in these simple forms, the 
chemicals can be recycled through 
the earth, air and water. All other 
Irving things (plants and animals) 
depend on this recycling activity. 


Fr simple ctwmkaJs were not recycled, no plants 
DnuJd fjrow. so nothing oEsc cnukl survive. 




If you put a bail oP ysast in a warm sugar solution, ypu wflf see a 
froth appear aFtcr a few hours, This consists oF bubble.? oF carbon 
dioxide gas. For more about yeast, see opposite page. 


Decomposers act on our food in 
the same way as they act on dead 
matter in the earth - they bleak il 
down to simpler substances, 
making it "go bad". Sometimes, 
Though, their action is used by 
man to produce foods. 

AJI cheeses and yogurts are 
made with i he help of bacteria, and 
blue cheeses have fungi growing in 


them. Bread and alcoholic drinks 
like beer are made using yeast a 
rery simple fungus which breaks 
town sugar into alcohol and 
bon dioxide gas. Bakers use 
yeast because the carbon 
dioxide gas makes bread 
rise, Brewers use it 
because of the alcohol it 
produces. 



Fruiting 

body 


The basic make-up of a fungus is a 
hair-like part called a hypha. In most 
fungi, many hyphae twine together ro 
form a mass called a mycelium, though 
there are also fungi with just one 
individual part ("cell"), such as yeast. 

Fungi reproduce and spread by using 
spores - tiny particles which develop 
inside organs called fr uiting bodies (see 
below) and are then 
scattered (normally 
by the windy They 
land and grow on 
any suitable food, 


cf hyphwc (mycelium) 


You can easily grow different kinds of 
fungi to look at. Some good materials 
are suggested m the picture below - 
Lhey should all be slightly damp. Fungi, 
mostly moulds, well appear on all these 
things after a few days, The common 
ones which grow on bread are called 
Mutor (white) and Penicillium (white 
with a bluish tinge). 



IB 





Using jelly dishes 


bpores and fruiting 
bodies 

The I r Lining toadies o( most 
fungi; are quite easy to See 
with a microscope;, but the 
spores are more difficult to 
view* though you could try 
bursting the fruiting bodies 
by pressing on the cover slip 
with a piece of blotting paper. 


You can grow your 
own fungi by using 
felty dishes like 
those on pages 16 
17. F he ingredients 
for the jelly ate slightly 
different. You should 
replace some of the 
water wait) grange 01 
lemon juice and add 
a tea spoonful of 
sugar, 

Try pressing different fruit onto the jelly 
F ruit bruises contain fungi and the 
"bloom iL ( w hstssh Atm) on fru it 
like plums and grapes 
often contains yeast. - / 

You cou Id also try lots — - 

of othei food particles 
on the jelly, like a y 

smear of jam or honey. . 


\ Vfl Moisten a small piece 
y of bread and put it in 
‘ .. \ j j a dish. Leave it open 
..3J to the air for a f?w 

\ l J jS hours, then cover it 
wi th its lid, or with a 
\ ! plate or glass ^ake 

sure air cannot get in. 

Keep it warm and! 
look at it each day, f" 

After a few days, r 

you should see a V ^ /' 

white mould with 

black dots, or a bluinh mould. 

Cut or puli off some of the mould with 
tweeters or forceps and make a 
temporary mount. Seal the bread in 
a bag and throw it away. Look at 
l he mould with bottom lighting 


U±r. petri 
as 

heEore. 


The best Ji uiling bodies to 
examine are mushrooms or 
toadstools. To look at the 
spores, place a cap on a 
slide, cover it with a cup 
or glass, leave it for about 
48 hours and then examine 
the slide with a magnifying 
glass You should see some 
specks - the spores. Make a 
temporary mount and view 
with bottom lighting, 

Cap Of " ’ 

U»ad stool 


The are 
hypha§. 


You should seal your 
dish with sss lid and store it fos about 
48 hours, then look at the results in 
the same way as with bacteria (sue 
pages 16- 1 7 }, making sure to use 
disinfectant first. You may see 
funga! hyphae or yeast from a 
"bloom". You can store ihe dish and 
look at it from time to time to see them 
developing further* bul he careful 
.to keep hygiene standards high 


Tiie dots are . r; 
ffultina tnidfes. i ! 

« - ■// . / ■* j 

You CPU Id tiy to j 1 , / ! : 

grow more | ) j 1 , J 

hyphae on j«Hy 

(see right}* | ' - 

Try looking at the hyphae d other 
fungt r such as the "veins" of blue 
cheese, 'Collect mushrooms and 
toadstools, but also the sofL dead 
wood or leaf litter you found them in 
The mushrooms and toadstools are 
fruiting bodies (see above right) and 
the soil contains ihe hyphae. 


Rcmemfeer- alter use* always 
disinfect slides, stul Uitrn In a 
plastic and throw them 
away. Wash you i hand* 

t hrorcHjg h#y_ 


Different shaded fungal spares. 
Each different lungijs will have 
diFFerent shaped sjkhcs. \ 


Ormips uf yea-st 
* l cdJs" look 
like milky blobs. 


Cut a sliver oE [ fk 
|el% w use a 1 ' 1 

glass rod Id take a smear. Hake a tcmpoi aiy 
mount. You should sec the yeast , “cdSs , ‘. 


By agaric 


l±l 


Bay boletus 


4? White milk-cap 


Bracket 


-itfrv TL^yCk-H. 

/ -s- 

^Mttrty-ioned polyp ho re) 




- . . --r ' 


Tht j 

L i 




w 



1 if 





Objective 

lens 


- ~ Ring Jtljchment 
\ from above 


because some of the 
animals and plants, 
though transparent, 
will get lost against the 
background. Dark 
ground ilJumi nation 
(see above right) 
would be best of 


Microscopic life in the sea 


API bodies of water, from oceans to 
streams, contain & wide variety of life. 
Many of the plants and animals are so 
small that they can only be seen property 
under a microscope. They are made of 
just one, or very few, cells. Here you can 
find out how to examine microscopic 
marine (sea) life and identify some of the 
thousands of different species. On pages 
22-23, you can find out about tiny 
freshwater and soil creatures, and on 
pages 30-31 . you can find out how to use 
stains to produce some of the colours 
shown here. 


What is plankton? 

Plankton is a term for all the microscopic plants and 
animals Jiving near the surface of water. The plants are 
phytoplankton and the animals are plankton, 


A litre oJ water may contain 
milHoii* d plankton. 


PliyLiaplaiiHtoji 
use the sun's 
energy to grow. 
I fiey a*e the 
ba\is of alt the 
Food chain* in 
the *ea. 


Collecting marine fife 

You can colled marine life from the sea itself 
anti from rock pools on the edge of the shore. 
You need some jars with lids to put the water in 
You can use a pfenktfin net (see page 46 } to 
collect more animals and plants and add them 
to the water in the jars. Use other jars to collect 
sand and samples of the different growth 5 
around the pools. 

— Jam 


WatsrFromic* 

Water From 
rock pool 

Larger wsweed 

dfowths from 
wear's edge 

m SttFid From 
^ ^ ■ bottom at pool 

Put labels op the jars s howing where and when you 
collected samples. 


Dark ground illumination 

Most plankton ere so 
transparent that they are 
difficult to see even with 
bottom lighting. Dark ground 
illumination is a special kind 

Dart* ground ykimiriatkjri Hr 


of lighting used to make 
them show up better. A 
special microscope 
attachment stops light 
coming from directly under 
tiie object, and only lets it 
come up from the sides. Only 
light which reflects off the 
objects goes into the 
objective lens. The plankton 
show up as bright objects on 
a dark background 


Looking at water samples 

Try both top and 
bottom Fighting, top 
lighting may be best 


Put some of the water 
into a dish. Leave it for 
a tew minutes, then 
take up a drop with a 
pipette. Put it onto a 
to cavity or nng slide (see 
page 46) and put a 
■Mk cover sfip over the top. 
^W™-Ook at your sample 
Tor tiny plants and 
animals. 


Staoc 


k Condensing 
• l tens 


D^rk ring only . 
lets in light 
Froni the aides. 


m 






Marine plants 


Marine animals 


Plants which live in the sea are very 
different from those on land. Most of them 
have no roots, leaves or flowers - they are 
called algae (there are also freshwater 
algae - see page 22). Many of them have 
□niy one cell and can only be seen with a 
microscope. Some are larger like 
seaweeds, but still very simple. 


Diatoms arc Lhc 
most common 
algae In L^c tea. 
They arc yellow 
green and have 
an outer ease of 
sJHul 

Dinoftageltale^ 
have two whfcp- 
llke AogeMrc 
which they use to 
move. 

Thin dinollagdJatc gives ul f fight to cause the 
phosphorescence often seen at sea 



There may be a great many 
different types of animal In 
your water samples, from 
simple, single-celled animals 
to tiny crabs. Scattered around 
the rest of this page are some 
of the types of animal you 
might find. 



Cope pods 
have 

antennae 
an J their 
body Is 
enclosed 
in a shall. 


In summer there 
are many 

microscopic larvae 
and young stages 
of animals which 
live on the bottom 
or swim in the 
water, including 
crabs and 
barnacles, fish eggs 
and young Jellyfish. 
You may also find 
tiny snails. 



Comb Icily 

Larva of ss marine snail 

Bands of hair like ctfia 
are List'd for moving. 


Two stages of crab 
larva 

Two stages of 
barnaclt larva 

You nq stage of 

common jellyfish 


Rock pools 



f eeding pari called pnl 


Uryoz.ua ji S are 
colonies of 
animats. Some 
look bike liydrobdis, 
Hthctfs form crusty 
mats on seaweed 
and racks. 


Most of the turf-like 
growths at the edge of a 
rock pool may boK like 
mossy plants. Many of 


them may indeed be 
green, bfown and red 
algae, but some are 
Colonies of animals . 


The water from the pool you should also be able to 
may contain more animals And free-swimming 
clinging to the weeds, end animals among the plants. 


1'1_. 


Warms may be quite 

bio, Look Lit the head 


Hydroku are 
collection* oF 
animals which 
look like 
plants. 


big. Look at 
end. 


Crustaceans 
Found in rock 
pools 


Hi r ‘ 


spiders 
among weeds 







HuFes in 
Nd 


masses on the surface. Look at 
samples taken from these different 
places. You should see some of the 
algae shown here. 


DinoJlA^ll.iEfi* are 
FiageHates wiihi two 
FlayeUffUf - one 
eoclrclinig tn-e middle 
and t he other at one 
end. | 


OeSr iiids are 
bright green 
akrac, i 


Thi?s algae - _ 
has kmg thin 
ccJt* in 
branches. 

Spiral die 
cNofoptusU 
(seepage ■— 
I5>. 


-green 
dl gae Form 
Ibmcnte In 
dnpm> arid 

rfVfiFS, 


Same btue- 
gfeen algae 
are encased 
in a mass Ol 


Sphere oF Diatoms have an 

c eUs rolls outer case made 

about u*lng pi This h 
flageJtac. a group ot diatoms. 


Microscopic life in fresh water 


Ponds and lakes contain a wide variety of life. Some 
of the plants and animals are similar to those in the 
sea (see pages 20-21 ), but there are dso different 


ones, only found in fresh water. Follow the same 
steps for looking at freshwater life under your 
microscope as for marine life. 


Collecting freshwater life 

You can collect microscopic 
freshwater animals and plants 
from ponds, lakes, ditches, slow- 
running streams and even 
puddles. Some plants grow on 
rocks at the bottom of the water. 


Freshwater plants 

Algae are the simplest type of water 
plant, found in both Fresh and sea 
water (see also page 2 1 ). There are 
lots of different types. Some you will 
only be able to see through your 
microscope (others include targe 
weeds). Some form the green slimy 
growths on underwater rocks and the 
green slime on the surface of the 
water H others are the larger green 


Collect some water in jars. Put in 
some stones (with plant growths 
on), plants and mud From the 
bottom. When you get home, 
empty them into a larger jar and 
make some holes in the lid. 


Large — - f 
StuFage jar 

Pond water 


Slones 


This dlgdc is 
described as 
namentou}. 
The cells arc 
joined end lo 
end. 


Take drops oF water from fust under 
the surface. You should be able to 
see other tiny plants which are not 
Filamentous like the ones on the left. 
They are not all green - many are 
yellow ' green Or blue-green. 


t-lageiifltfls jj| have one or 
more whtp'Uke lUgeltae 
which they use ta move 


dtovm. 


Single 

diatom 





Larvae and nymphs are 
the young forms of 
insects. Unlike the air- 


Ttiitidci for 
ca^ltlng Good — 
havt stinging 
Celts co the ends. 


There 
may b* - 
several 
pairs of 
eyes on 
the head. 


You can look al the underside of a 
pJanirian by mounting, it as shown 
here and htr riiiig over the slide. 


Drop Of watei 


rfatetrttick 

prop ■— — 


Piece of 
mdtcj 


To get drops out. fck 
a second tie above 
the ItrsL Then 
carefully untie (he 
lower He, f. 


F or air breathing animals, 
put the soil on a piece of 
mesh over an empty funnel. 
Put a contasner underneath. 


Funnel 


Piece oC old 
strainer 


Container 


Freshwater animals 


Millions of tiny animals 


Many animals live on the 
bottom of ponds of on 
underwater plants. They 


They Jive on algae and 
each other, and in turn 
are eaten by fish* 

Cifiates are covered in k>Es of 
tfny hairs called cilia iwhich they 
use to move along. 

loafers have a, loot, which they 
use to attach tttemselvcs to 
objects, amt two rings of cilia 
on the head. 


are often visible to the eye h 
but more detail can be 
seen with a microscope. 


Crustaceans have jointed 
legs, body segments acid 
a hard outside skeleton. 
There are large ones, like 


crabs, and also 
microscopic ones. These 
include the young stages 
of larger crustaceans. 


Uadocera (water Fleas! have branched antennae. 


Harp tfCtucaid* arc cope pod s 
witfl long bodies and short, 
antennae. 

Ostracods (nr sccdshrimpsj 
live picdP the bottom of pools. 
Their bodies are bean -shaped 
and e ompfetdy endond. 

called 


Copepods have wnbranrhed antennae. 


Hydra attached lu plants 


I jimp 


breathing adults, many 
live in tile water or on 
underwater plants. 


Mosquito larvae 
are found neat 
the surface. 


Mayfly nymphs 
are found among 
weeds. 


Animals in the soil 

Many tiny animats live in 
the soil. Some live in tiny 
water pockets and others 


Ptanaiura can be 
found on the bottom 
- use tweejers or a 
pipette to pick them 
up. 


Funnel 


breathe air. T o get diem 
oul r try the techniques 
here. 

For water animals, wrap 
some soil in a muslin 
(mesh) bag inside a 
funnel ol water, blocked 
at the end (see below 
left). A strong light will 
make the animals move 
down into the funnel. 


Bag ol 
soil 






Making sections 

Plant and animal cells- can only 
be seen properly with bottom 
lighting, but most are too thick 
to be completely transparent. 
To make it easier to see all the 
detail inside them, they need to 
be cut into thin slices, or 
sections, so that the light can 
pass through them properly, 

To get the best results^ the 
sections need to be just one 
cell thick. The best way to cut 
sections from a specimen is 
with a special device called a 
microtome. 



Cutting sections in a laboratory 

The three common types Hand 
of microtome are shown mdcr °* onie 
here. Sections as thin as 
one thousandth of a 
millimetre (often called a 
micron) are cut for use 
with optical microscopes, 
but the sections for 
electron microscopes 
need to be thinner, They 
are cut with an 
ultra mkroto me {see 
page 44). 


Blade. cuts 


Roc king armcucs 
sc Clio n and pushes 
specimen up. 


specimen up. 


How to make a hared microtome 

LI sing these instructions, you can make a simple hand 
microtome from easily available bits arid pieces, You 
will be able to use it to eul quite thin sections, but you 
must be very careful when making the cuts. 


The microtome is made 
from an empty cotton reel. 
Remove any labels (soak the 
reel if you need to) to leave a 
smooth surface. 



Plastic 

cattpfi 

re&l 





You can use a block of wood 
with a hole through iL f in 
place of the cotton reel. If so, 
you need a piece of plastic 
to go on the top (other end 
to the nut). 

You need a bolt about 5mm 
in diameter arid a nut to fit it. 
Glue the nut to the bottom 
□f the cotton reel using 
strong waterproof glue and 
screw the bolt into it. 


Make a thin, flat bar about 
bem long. It can be made 
from wood, plastic or metal. 
Glue it to the bead of the 
bolt to make a handle for 
turning the nut. 

srtafks help 
A, you tut 
/ il smne 
t Amount 
each 
time. 
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Rat piece 
for ha riffle 


Glue here 



Make pen marks around the 
bottom of the completed 
microtome. Make a mark 
eveiy 45 degrees to make 
eight marks altogether. 


Using your microtome 

Prepare your specimen first. St needs to be about 2cm 
bng and should fit snugly into the hole in the 
microtome. 

You need some other toots and materials before 
starting to cut your specimen into sections. 


Cafrut to be cut up and 
U’5£<j to pack the specimen 
into the hole If It h ml big 
enough- 


hew falOf blade for nulling the 
stfctioEis. Look in ihe naming bo* 
before you use any razdf blades. 



Small soil paintbrush 

Turn the handle of the 
microtome to move the bolt 
almost out of hole Put your 
specimen into the hole and 
wind the handle back the 
other way until the 
specimen starts to be 
pushed up out of the hole 

Mfitd blade 
at tha® end. 



Saucer 
t water 


End of 
specimen 



Turn handle 
to push 
specimen up , 

V' 





Hold 
feel and 
handle. 


Wet the blade and the 
specimen with water. Hold 
the blade as flat as possible 
on the top of the reel and 
slice slowly across the 
specimen, Throw away the 
piece you have cut oft . 







You will need a very sharp razoi 
blade to cut the sections. Use a 
single-edged blade which you can 
gel from a model or craft shop 
Always make sure that the blade is 
facing away from you as you 
make a cut Store your blades in a 
safe place to stop anybody 
accidently touching them. Pul old 
blades in an old tin or jar and 
make sure it has a lid on it. 


Cut a piece about 2cm long 
from your stem. Put it into your 
microtome and use some 
cai rot to hold it lightly in place 
it you need to. 


Make a temporary mount of 
one of your sections (see 
pages 1 4- 15). You should see 
some of the cells shown here, 
though they will not he 
coloured. See page 36 for 
more about tin. 1 different! cells. 


Some specimens, like 
living tissue from hospital - 
patients, are too soft to 
be cut as they 
Instead, they are 
wart which is h ft 
and then sec 
more about lhis h — 
page 36. IF the specimens 
need to be looked at very 
quickly, they can be 
frozen to make them 
harder, and then 
sectioned. 


nmfcHrddud 

in wax 


Section cyt 
from bloc k 


Wax Awrroii nding 
IlSStfC 


Section 


Looking at a plant section 

Cells were Hr si discovered when Robert Hooke looked 
at sechons of cork (see page 1 5 ). By making sections of 
different parLs ol plants, you can see the many different 
types of cell they are made of. The ne*l two pages show 
you some of ihese, Looking at plant cells has helped 
scientists work out how plants live. 


Turning 
handle cuts 
section anrt 
specimen up. 


Move the specimen up 
slightly (turn the handle), 
and; make another cut. You 
should now have a section 
on the Face of the blade. 


I he thickness of your 
section depends on the 
amount you turn the handle 
and the height of the thread 
on your bolt. 


Gently sweep the section off 
the blade and Into the 
saucer of water with the 
paintbrush. Cut a few more 
sections, keeping the blade 
wet all the time. 


Sections 
in walm 


Tulip 

stem 


The stem of a plant is one of 
the easiest things to make 
into sections, because it is 
usually quite large and solid 
A wide stem is best to start 
with, like that of a flower 
such as a tulip or daffodil 
You could also try a leal stem 
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Looking at plants 


With a microscope, you can see the arrangement 
and different shapes of the cells in different parts of 
a plant. You should make sections as shown on 
pages 24-25, make temporary mounts and use 


bottom lighting. The sections here have false 
colours, to show up the different cells to look out 
for, You can add colour and contrast to your 
sections by staining them (see pages 30 -3 1 ). 



Stems 

You can find out how io prepare 
sections of a flower stem on page 
25. The different parts of a stem are 
shown in this diagram. 


The pith LU made up n-F a-JI the cells in the 
middle ol the srem- 


Ru lining through the stem are groups of 
cells called vascular bundles. 


These groups of cells carry water and are 
c ailed xylem. 


A section cut across a Stem flke this is 
C filled a Ira nsverse section. — . 

The Outer layer of ceils is called the 
epidermis. 

The next layer in is called the cortex. 


These groups of cells cany Food and are 
called phloem. 


When you look at a 
tranverse (cross) section 
of d stem, like the one 
above, you see the cells 
end on. You can also cut 
sections along the stem-. 
These are called 
longitudinal sections. To 
make a longitudinal 
section, First cut a 
transveise section. 


Celts in longstudinaJ section 


With high powei. 
you can ’’home 
in" on different 
areas of Hie 
section. 


I'tiesr; are long 
lubes Of phloem 


Cut out a piece like this from 3 
stem and pul it into your 
microtome sideways. 


Roots 


Root hairs 

Grow some roots tram a bulb 
gr lake sonic roots tram a 
plan! you have dug up. If you 
look closely at them, you may 
see sgme tiny hairs. In order to 


You can look at roots 
in the same way as 
stems. Roots from 
weeds, like chickweed, 
are quite easy to use, 
or you can grow some 
roots by putting a 
plant bulb in the top nf 
a jar of water. 

Transverse Section of a root 
under low power (showing 
the whole Section) 

Epidermis Xylem 


Growing 
roots fro 

a bulh 


look <3! the root surface and the 
hairs, make a longitudinal 
section of the root tip. Roots 
are very delicate, so be careful 
how you handle them. 


-Jar of 
water 


Cut off the last 5mm of a root. If there are no root hairs 
In this area, also cut a piece 5mm long from the area 
where the rooE hairs are growing, and loot* at sections 
from the Lwo pieces separately. 

Cm a piece of carrot to Fit into your microtome and slice 
it down the middle. 


Trap the root horizontally between the two halves oFltv- 
carrot and cut a section. 


Phloem I Cortex 


Low power longitudinal 
section 

RqoI hairs Collect water and 
minerals From the soil. 

Thhs layer is the root cap. It 
protects the root. 

TSewcdls grow hem and 
extend I he root, pushing it 
down Ihroiigh the soil 


1 he bottom of the bulb should 
jus! touch the WJtei to start 
with. The roots should grow 
dflc r a Few days . 
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Wood and vegetables 


At first glance, wood 
appears very different lo 
sab stems end roots if 
you look ai ii under a 
microscope, though, you 
will find that it has a very 
similar structure. The 
best wood to look at is 
from a pencil. 




Look at pencil shavings or 
snnaK pieces ol pencil wood 


Vou should be able to se* tu pc-likc cells 
These arc alt closely-packed xylem cells 


Vou may be able lo see part of the light 
aod dark rings In the wood. In the light 
areas are cells which developed in the 
spring. The dasher areas are made of ceHs 
which grew in the summer. 


Many vegetables are parts of plants be either roots or stems. You can find under your microscope and seeing 

enlarged for storing food- They can out which by looking at seasons how the cells are arranged. 


Leaves 


Flowers 



Flowers are the parts used j n plant 
reproduction (the production of new plants). 
There are many different flowers, but they oil 
have some cor urn on features. You can bok 
at petals and sepals in the Same way as leaves 
((hey are usually more delicate, so be careful 
when handling 

the m ) . Be low there _ _ 

are ollie r parts ^ — "X 

you can look at. f 


Large leaves are easiest to 
make sections from. Try 
cutting a piece from the- middle 
as shown. Put it vertically into 
your microtome and pack it in 
using carrot as shown. Make 
some transverse sections. 


Leaves use the energy in 
sunlight to combine water and 
gases from the air into food. 
You can look at the inside of 
leaves to see the arrangement 
□f the special cells which carry 
out these jobs. 


Strip from centre of 
lear held between 
pieces of carrot 


Diagram of teaF section 


Petals are also tike leaves , but are not 
green, instead, they arc brightly 1 

c Glowed to attract insects which help l 
to peritinate the IVower. 

Remove a stamen from the centre 
of a (lower and look at it using top 
lighting, If the outside is covered 
in liny grains (pollen), the stamen 
has opened. IF the stamen i$ 
closed, took inside by making a 
transverse seetton. 


The epidermis 

Top side of leaf protect* the 
■ . leaT f 


These tad. oblong cells at 
the top arc palisade cells. 
They ate the ones which 
make Food. \ 

Veins p( J^iem 
and phloem carry v 
wale r and food. 


At the entrance to .1 
stoma are guard cells which 
change shape to open and 
close the holc- 


Yolp may he able to 
see a stoma. 
Stomata are boles 
on the underside 
wheie gases enter 
and leave. 


Bottom side ot leaf 


Pollen grata from different plants are 
carried In 
different ways. 


Grain with hooks Inside a stamen 
whkh catch onto J 

animal fur m 


Gram with 
“wings", which is. 
carried by the I 
wind 


¥00 could try / 
making a section 
across the whole of a 
leaf by rolling up a 
strip tike this. 


Looking at insects 


There are over a million different sorts of insect on 
earth and more individual insects ihan all the other 
animals put together. I tere you can find out how to 
look at insects and their body parts (the same 


techniques can also be used for other "creepy 
crawlies” like spider s). You can bok at live and dead 
insects, but do not kill insects just to look at them - 
you will find dead ones often enough. 


You can find out how an insect's 
body is made up by looking al an 
insect like a housefly or a wasp 
with a magnifying glass, li you 
catch a live insect you can look al 
it in a magnifying box like (he one 
on page 6 You should be able to 
see all the different parts shown in 
the diagram below. 



Catching a 
live Insec! 


Stirie some 
paper under 
the jar to C 
trap it. 


PuUj- 

am Mi 
insect 
Aral. 



Body of ii lypkaJ insect 


Insects have sections 
in their bodies. 


Thoia* 


Abdomen 


Six legs attached 
to ihora k 


Antennae a re Used for 
smelling and reeling, _ 


Looking at live insects 

barge insects are difficult to 
look dl even under □ 
microscope. They move about 
too much and are difficult to 
focus on. However, you can 

Making 3 allele bap 

Cut m piece oF thkk card the same s itz 
as a slide i thaw round a slide to gel 
the shape). " . 


look at small insects, like ants, 
quite successfully with low 
power. Below you can see how 
to make a trap to keep them 
still while you look al them. 

Put a clean slide 
on each side of 
the card and a 
piece of sticky 
tape round one 
end. 


Hold the insecl wi!h Oric“\^\ 
pair o( tweezers and pull theV 1 
body part off with another pair. 


Close the top y? 
and push the \ 
pie ce ot card you 
cut out Into tlie 
slot to trap the 
insecl . Vfcw the 
insect with low 
/ power and Lop 
/ lighting. 


Use mounting 


! needles {scm? page 
46) to orange the 
part on n 
sJid-E- 


Carefulty push - — w- ^ 

the cover slip ? 

down to squash 
the part 

|l you want lo make a semipermanent mount, 
which lasts much logger {sec page 36), you should 
soak the insects in dean Water oter night after 
preparing them as shown on page 23 . 


Lilt up the top slide and pu! 
a small insect Into the qap. 
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Wings 


Insect wings come in a wide 
variety of shapes and sizes. 
With most wings, you 
should use a temporary or 
semi-permanent mount and 
bottom lighting. Butterfly 
and moth wings are very 
delicate, l hough. They 
should be mounted dry and 
viewed with top lighting. 




Pattern of veins t 
*tny oma^vptog 


Voy may be afrlr 
to see how bees' 
wings are joined 
at the edges. 


Legs 


Compound eyes 


Insects have three pairs 
of legs. These have joints 
all the way along to make 
the leg very flexible, The 
shape of an insect's legs 


depends on how it lives. 
Some insects, such as 
beetles, have thick, kit 
legs and others have 
Song, spindly legs. 



Le^4 of ground beetle 

t 

Some le^s hav* claws 
F or gripping. I 

V'L 


Mouth pa its 




You may be able to 
remove an insect s 
mouihparls if they are big 
enough. Normally there 
are three different parts. 


and maxillae, but they 
often look very different 
in different insects (they 
are specially adapted for 
the diet of each insect 


called the jaws, labium and the way it feeds). 



It is not easy to remove the 
compound eyes from an 
insect's head. You can look 


at them by removing the 
head and mounting it on 
its side. 



Hundreds at simple lenses 
up a compound eye . 


Tlie insect see s j 
mosaic partem. 


Preparing insects 

You can soften insects by soaking them in washing soda 
solution for a few days. Pour JOOmJ of water into a jar 
and stir in IQOg of washing soda. Put any insects you 
want to soften Into the solution end leave them for a lew 
days. Rinse the insects in clean water when you take 
them out Always handle the insects with tweezers and 
wash your hands in dean water afterwards. 




ICOmtef 
ctearv water 


irgrviy wim 
tweeters and 
rinse them 

under stow 

running water. 




repels - 
soaking In 
solution 


Staining 

Many things you look rtl under your microscope are 
quite difficult to see because they do not have much 
colour in them. If you use stains, they will be much 
more visible and you will be able to distinguish 
between many of the details inside them. Stains are 
most often used for objects viewed with bottom 
lighting (things which are transparent, or nearly 
transparent), especially sections 01 parts of plants and 
animals, or liny. Whole plants and animals. 



flask microscope view of 
u nsf alned pld n t cells 



Elaborately stained plan! cf Iks 
from a laboratory section 


Different stains 

There are several basic stains which you kit, it probably contains some of them. If 
can get hold of fairly easily. These are not, most of them can be bought from large 

desc ri bed betow. If you h ave a microscope chemists or ha rdware shops. 


Carmine - found in cochineal {buy ttris front 
a grocer), A general protein stain (protein Is 
the tkflsls of all- UvLfig cells). Ft stains pbk H and 
may stain the nuclei slightly darket than the 
cytoplasm, 

- : "- V I 



Methylene blue "prefers* (preferentially 
stains) acids, so it stains the nuctei more 
strongly than the cytoplasm (nuclei are mure 
acidic). It stabs blu e. 



Add fEithston Another general slain. It stains 
reddish brown and may stain the nucleus 
slightly darker. 


tbsin " h preFeti ,h alkalis, so it stabs the 
cytoplasm more strongly than She nuclei (the 
cytoplasm ss more alkaline). It stabs pink. 


— T 



Iodine - buy this as tincture of iodlne From a 
chemist. Ft “prefers" 1 complex carbohydrates 
(storage sugars found in all liylng things), so it 
stabs grabs or starch (sugar store? in plant 
cells) and glycogen (sugar stores Iff animal 


«!*)► ft stains these different carbohydrates 
different cutouts , staining starch dark blue and 
glycogen red. 


Dipping and rinsing 

This technique is best for 
staining fairly solid pieces 
of tissue, like a piece of 
inner "skin" from an onion 
(seepage [4} or a section 
of another root vegetable 
It is also good For whoie 
animals and plants, like 
plankton (see pages 20- 
23 h and the more 
transparent parts of 
animals such as insects. 


Place tine sample in a small 
dish of stain . Use 
cochineal tor the onion 
skin (you would also use 
this for plankton) and 
iodine tor the other 
vegetable section. This 
should be something like 
carrot or turnip - potato is 
too starchy, and will take 
up too much stain. Leave 
the sample tor about 3 



Using stains 

Most stains are 
diluted ready For 
use. There are three 
basic staining 
techniques, 
explained on these 
pages, with 
different examples 
of things to look at, 
As well as the 
different stains 
suggested, you 
should try out all 
the others you 
have, to see what 
results they give. 

You should view all 
your stained 
samples with 
bottom lighting. 


Drop L lie sample Into 
the dish of stain. 


Hirnse it by dipping 
It qukkly In and .. 
out of the water, \ 



minutes and then Finse it 
quickly by dipping it in a 
bowl ol clean water (hold it 


with tweezers). Transfer it 
toa slide and make a 
temporary mount. 



Onion celts 

Light pink cytoplasm 

Slightly darker pink nuclei 

waHs and vacuoles (see page 



Rout vegetable cells. 

Light yellowy-brown cytoplasm 

Slightly darkei brown nuclei 
Bluish-black starch grains 
Clear cell walls 
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Pulling stains 

With very delicate samples, such as some 
plant sections, dipping is not ideal, as the 
sample may fall apart in the dish. You 
should try "pulling" the stain instead 

Take a leaf section and make a temporary 
mount, Use a pipette to place a drop of 
fuchsin on the slide next to one edge of the 
covei slip. Hold a piece of blotting paper oi 
filter paper dose to the opposite edge. E he 
stain will be pulled under the cover slip and 
onto your section. 



Excess main pdlktl 
out onto paper; 


Want ceils 
(palisade Cells) 


Slain pulled 
under slip. 


tieddish-tHown cytoplasm 


Slightly darker nuclei 


You may See: cbl 11 m p la sE s 
(see page l b). II so. they 
may have a slightly grer rr 
tinge. 


With this technique, you can 
use a second Stain a her the 
first. With a new sample, pull 
some iodine under the cover 
slip. Then use a new piece of 
blotting paper to pull a drop ol 
fuchsin or cochi neal across. 
The excess iodine will be 
drawn off the sample, and the 
second stain will move onto it. 



6>ult 
first Stain 
onto sampk. 


Reddish- fo-rowri of 
evtoptasm ] 

■ 


\ Poll second 
y stain through. 

Siighlly darker nuclei 
Place second Blwtelvback stajeh gs 

w "r slip. Always wash ( he pipe 
water after use. so it < 
not become stain fid. 



Staining smears 

A group of cells spread onto a slide is called a 
smear, On page 14 . you saw how to make a 
basic smear of cheek cells. You can stain these 
to give a better view. The most common use of 
smears is for looking at blood samples. 

A mixture of eosin and methylene blue will give 
good colour contrast inside cells. Mix 50 ml {2 
fl,oz) of each in 100 ml ( 3.5 floi) of water, and 
boil for 20 minutes in a small bottle, placed in a 
larger pan of water (as on page 17 ). 

Collect a cheek cell sample. Blood smears 
can be collected in the same way, using 
the handle of a spoon or the end of a glass 
rod. NEVER cut yourself on purpose - you 
will do il by accident often enough, 

Smear the sample on a slide with the 
edge of another slide or a cover slip, 
and Mien allow il to dry. Place a few 
drops of stain onto the smear, leave for 

Cheek cells 


Using colour filters 

You can make your stained 
samples stand out better by 
using colour fitters. You can 
get coloured celluloid or 
cellophane from a large 
Stationers. Experiment by 
holding different coloured 
pieces below your objective 
lens r or you could attach 
them to I he mirror. Filters 
with complementary 
colours to the stain should 
improve the contrast 
between different shades of 
the same colour. 

CihIouj 'i which make up white light 

* Primary colours 

a Sc cgndary colours 

C u triple i nentary colours arc: any 
two that produce white light when 
they mix (red and cyan, yellow and 
blue, magenta and gran)* 

* Re a ^ Yellow 

t . Hi iff* 1 / ! * tj wn 

t mage n la L ( 

Cyan 


Dr up ol \ 
stain m sample 


Be careful 
out to waah 
away sample 


Rlrvic with 
water. 


5 to 10 minutes, and then rinse It under 
a slow-running lap. Leave it to dry out. 
then make a temporaiy mount and 
examine with bottom lighting. 

Marty more red IHood 
a ° ad ^Uh cdte than white ones 

Re d hiocsd < cits slain 

all pink jihey have I , * 

no nuclei). V 

White blond cells 

stain pale pink, with -U^— L__ ^ |] 

dark blue nuclei- | 

Very pale pirik plasma r\ jM 

(Hui.1 around cells) I ffs. * 


t>aik bl ue nuclei 


You may s eg lin;y 
loud particles 
(stained pink}, 
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Rocks and minerals 

Understanding Focks and minerals f$ very important in 
many industries, such as oil exploration and metal 
production. Geologists use microscopes to investigate the 
structure and composition of rocks, and you can do the 
same with your own microscope. For more about the 
mineral crystals which make up rocks, see page 35. 


Collecting and looking at rocks 


You will find pieces of rex: k 
almost everywhere. Small, flat 
pieces are besi because they 
will fit easily under your 

Good plat Ds to find p^ces of rock 


microscope. Smooth surfaces, 
such as those of pebbles, are 
also good because they will not 
need much polishing. 







Wash your pieces of rock in water. 
You can examine them as they are, 
but you can also polish or etch them 
as shown on page 33. You will not he 
able to mount them like other 
specimens. Very small pieces can yo 
on a ylass slide and large! ones on 
stiff card {which you pul on the 
stage). In either case, hold them in 
place with some putty, 


Press I he stone fir mly down into a 
blyh u F putty. 


Slide 


Warning 


Try to arrange if so there Is □ Flaltish 
surface on top. y 


You will have io look at rock 
samples with top lighting. Be- extra 
careful when focusing -- the lens 
could be badly damaged if it hits 
the rock. 


Use a 
dropping 
plpelte 


Yol* be afNc 
io see more 
derail iFycKj wet 
the surface with a 
drop oE water. 


Types of rock 

Rocks are made from crystals of minerals, 
which are complex chemical compounds. 
Different rocks are made from different 
minerals You should be able lo see the 
crystals using your microscope (some will 
be visible with a magnifying glass). Some 
com mon roc k& a re desc rsbed below. 



Igneous locks are formed when hoi molten 
(liquid) minerals from deep in the earth cool 
down and become solid crystals The slower 
they cool down, the larger the crystals that 
are formed. 



Granite, is. an igneous rock 
which forma underground. 

This colourless mineral r% 
quani. 

The while or pink mineral 
is feldspar 


Enteric*, king ciy&iab 


Black mica qiysLats 



Basalt is d Iso Mjnedus. It 
for ms opi the surface. 


Basalt may contort othci 
coloured minerals 



Sandstone consists of - - 
s mall particles of sand, 
usually made from quart?.. 

These are bound together 
by much finer particles. -- 


Sedimentary rocks arc formed from layers 
of particles which settle on the bottom of 
the sea. a Sake or a river. They turn into rock 
because of Ibe high pressure. 


32 




Mkrofossils 


Polishing rocks 













Area* eaten 
away more by 
add. 


You wilt be able to see more detail in 
your rock samples if you polish the 
surfaces to make them smoother 
This is quite hard work, especially 
with harder rocks, but it is worth 
doing to see the surface particles of 
the rocks in more detail. 


Rub the piece of 
rock against a 
ta- rger one which Is 
as hard or harder. 
Keep wetting the 
stone as you go 
Examine the 
Surface from 
time to time. 


You can use fine grade emery paper 
to polish the sample further. 
Remember to keep adding water as 
you go. Keep examining the surface 
to see how you are progressing, 


on 
a Hat 
surface. 


In laboratories, sections of rock 
samples are made which ore thin 
enough for light to passthrough 
These are used for Identifying the 
rocks. They are examined using 
polarized Fig hi (see page 3 b), 


Some sedimentary locks contain 
the skeletons and shells of marine 
animals and plants (nee pages 
20 21 ) which lived millions of years 
ago. Many of these can only be 
seen with a microscope and are 
therefore called microfossils. Some 
rocks, such as chalk and limestone, 
are made only from these fossils. 


You will have to break up rock 
pieces into their particles to find 
microfossils. This Is done by 
soaking the rocks in chemicals 
Clay, mud and shale can be broken 
up using hydrogen peroxide. You 
can get this from a chemist (you 
need 20 vols strength), Read the 
warning below before using it 


Pour off the 
Tnuddy Uquid. 


Put some small pieces of rock into 
a jar of hydrogen peroxide for a few 
houis. You should be left with a 
sludge. Swirl this around and 
carefully pour olt the muddy liquid. 
Add some fresh water, swirl the 


sludge around and pour off the 
liquid again. Do this a few more 
times. Put some of the remaining 
sludge onto a slide and look at it. II 
you are lucky, vou will see some 
microfossils. 


Etching 

Etching is a way of producing raised 
patterns on the surface oF a piece of 
ig dilute add. This eats away 
the minerals more than 
others. You can elch pieces of roc k 
using vinegar. 

Leave pieces ol rock n 
UflcgSr Im n J^w hours. 




Hydrogen 

perofcWt 


Cli.sik v i IlmeslQ'ie 


XHIcrcMOHsIls 

which you 
may see 


Shrdcj 


Other rocks, like chalk and 
limestone, can bp pul mla vinegar. 
After a few hours, pour away the 
vinegar, add water, and repeat the 
process 


CcKCcdltli 


ForamlnlF*' rams 


Conodoms 


Warning 


Hydrogen peroxide will bleach 
your skin if rt gets onto n Always 
wear gloves, and read the 
instructions on the bottle 
carefully. To gt:£ nd of it. pour ii 
into a large bowl of water and 
then pour this away 


ON exploration 

Oil ind gas are formed from the 
remains of microscopic sea lilt- 
which is compressed in 
sedimentary rock, The remains 
undergo chemical change 
because of the pressure and 
I seat to form oil and gas, 
Geologists use mk ro scopes to 
examine rack samples from 
deep under the ground (lor 
mote about this, see page 38) 


hut them on a e 
from time to time to 
chexk progress. 


Clay, MHirJslunc or shale 


Small 

pieces 


Crystals 


Most natural materials which are not made from 
living substances are made up of crystals. The 
crystals of a substance have regular shaped sides 
and edges if they have been allowed to form 


naturally. Different substances have different 
shaped crystals. Large crystals are rare, but with a 
microscope you can see the liny ones which make 
up many substances. 


I here arc- many different household 
substances which are in the form of 
crystals or are powders made from 
crystals. Many ot them are suitable tor 
looking at under a microscope l he 
easiest tu look at are salt and sugar. 

Put a few crystals of table salt or rock sail 
Onto the centre of a slide and try looking 
a! them with top lighting and then 
bottom lighting You should find that top 
lighting is best because il makes the 
crystals look more solid 



Salt pari ides I mm the kitchen 
lot >k irregular because \ he v have 
not been allowed to grow in then 
natural regular pal tern, and have 
had their edges knocked of I 

Look ai i rystals of sugar iri I he 
same way as you looked ai salt 
crystals. Try different grades of 
sugar, such as icing sugar a nd 
granulated sugar You should see 
different crystal shapes and sizes 
in different sugars. 


Growing crystals 


You can get crystals with much more 
regular shapers if y ?u grow them 
you i v ! by dissolving some existing 


crystals in water and then letting 
them recrystalllze. The new crystals 
will he very small, hui seen under 


the microscope, they should have 
imuh sbak|hfei sides and sharper 
corners. 



Dr j p I m h o 1 1 ti e u ti>sii u 1 1 lc 

\n\*i a ledspoon tit wa\ m worfer. 


Us aw Ihc diogi 
to an 


When H hrts 
Amp t>piiu a mk-roicope f.ndf. 



Rch *i rsK'cS 
crystal* of 
mIL 


Regular 
square srefe-s 



Some liquids contain 
substances which loim 
crystals. If ihe liquid is 

Honey F \ 


warmed up. some ol IX 
evaporates, but this rest forms 
i ry slit Is which are left behind 


Inside crystals 

Crystals form naturally in regular shapes 
her a use of the. way Lhc particle* inside are 
i- *ined together I he arrangements mean thal 
the ^ fysials grow with hat sudao-s and < an be 
broker* along flat faces. ■ ailed cleavage 
planes, parallel to these surfaces. 


Orrtritje, iippile Lind 
ft ijf ape juke 


\ wii*iv fihe iKtLjid 
A i left when milk 

htas. 4 ur 


S-aFL 
crystal* 
art made 
kam 

sudirUfn 1 1 1 1 - 1 
chlorine. 


Cggwhltc 


Put 4 diupof <.'ji h 
liquid in turn onto a 
mkKisvape aildc 
anddkmHi i entry. 


the tu uttfi ihe Liquid 
evaporates (pul it 

fiumiTwIii'.rc Beilin), 

INs vtobJMu ih<- 
crystals ihef c 

form, J 


Sodium 


Cubic 

u 1 1 uirit] ci nr 1 1 1 


Rock crystals 


Polarizing microscopes 



method or i page 33. The 
particles can also be found in 
soil. Below you tan find out how- 
to clean sail so you run look at 
the particles. 


Ctaftrtz cristate 
aF« normally 
sne-sided. 


Nyd? Qtj'j.rr 
peroxide 
can harm 
your skies. 


Et a action 
cleans soil 
pa nicks. 


everything in an old sauce pan 
and bring it to the boil (stir as 
you go). Let H. simmer for hall an 
hour and then cool. 


Go caiclul 
when you 
boll k up. 


Particles- in ne w liquid 

Pour oil the liquid to leave 
the clean particles on (lie 
bottom of the pan. Spread 


some onto a slide and view 
First with top and then with 
bottom lighting. 


Preparing soil 


The particles in rock are actually 
crysials of the minerals whic h 
make up the rock. You can 
separate these crystals if you 
break down the rocks using the 

Some shapes ot mineral crystals 'm rock 


Mica crystals 
are suo sided 
and usually 
Ihirt. 

Fdrispar crysUds 
ate rectangular. 


Soils die a mixture of mineral 
particles Srom weathered rocks, 
together with plant and animal 


matter. Before you exaFOine tt, 
you need to dean the soil to 
leave just the minerals. 

Collect some soil and spread 
it out onto a tray. Remove any 
particles bigger than about 
2mm across. Let the rest dry 
completely. 


Put about lOg of the soil 
into a jar and add 5€ml of 
hydrogen peroxide (this is 
a dangerous chemical - 
see the warning on page 
33 before using rt ) Leave it 
to stand for a few hour-. 


Add another 50ml of hydrogen 
peroxide and a pinch of sodium 
hexamertaphosphate (gel this 
from d hardware shop), rut 

Sodium 

hexnmeLapllOiphate 
is s-otrvcltincs 
Llillted CakjOn. 

/ 



Larger particle? ini he. soil 
may be quartz, CoHeclIvely, 
t they arc known 
■--^i 95 sand. 


The smaHeat 
particle* you can 
see ore sill. 


Slcrc Eke particles 
In a clean ]sn 


; 


Many crystals are colourless which makes 
them difficult to see with a microscope. 
Special polarizing microscopes arc often 
used to make them show up. 

Ordinary light is made up of waves which 
vibrate in many different directions. The 
waves making up polarized fight vibrate in 
one direction only. Special polarizing 
material only lets through light vibrating in 
one direction, so it turns ordinary light into 
polarized light. 






The rolautji depend on ihe 
crystal and lls thickness. 


Polarizing 

microscopes use two 
pieces of polarizing 
material, like those 
shown above. One is 
put below the stage 
and one above it. 

With no object on the 
stage, no light 
reaches the eye, 
because Ihe second 
piece (the analyser) stops it all. When a 
crystal is put on the stage, different parts of 
it change the direction of the polarized 
light by different amounts, so the kg I it is 
scattered. It passes through the anaiysei 
and shows upas lots of different colours. 


Polarizing microscopes are used by 
geologists to study and identify rocks and 
minerals. 



A very thin, transput nt sectlmi Is cut from a 
rock sample. 


Viewed with poiaitzcd 
tight, the crystal? 
show up in different 
colours. 

The mineral? can be 
ktenlifird From the 
colour and rht> 
Ihkkiiess of the 
section. 
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Mounting and measuring 


Temporary (wet) mounts will not 
East very long, because the 
specimens will dry out and shrivel 


up. It you make semi permanent 
mounts, your samples will last 
longer. 


Making a semi permanent mount 

Instead oF the drop of water used in temporary 
mounts, you should use a home made jelly. For 
a bask jelly, you need gelatin, and For a belter 
jelly, to make the mounts even longer lasting, 
you should use glycerine as well (you can buy 
both of th nse from a grocer). If you add a k:w 
crystals ol the preservative thymol (from a 
chemist), your mounts will last even longer. 

You wsll also need some gurm arabjc solution 
or some "size" and finally some enamel paint 
You should be able to buy all of ihese From a 
model ore rah shop. 


Glycerine 


Gum 

■trrthk 



Put ]0g of gelatin and either 50m| of 
water or 25mJ oi water and 25ml of 
glycerine (Tor the better jelly) into a 
jar. wMh the thymol if you are using it. 
Sit The jar in a larger pot of hot water, 
and wait until the gelatin melts 


Jelly Ingredients 


The jar 
should hsvc 

3 W-ri+L- n«‘Ch. 



^Thymol Gelatin 

The nest step is to seal the mount. 
Put a layer of yum arable or size all 
around l he edge of (he cover slip 
with a small paintbrush. Leave this to 
dry, then paint over it with one or two 
coats of paml. 

V Glim drabk: or 


UargttF ptA with water 

Pul one or two drops of the warm, 
Iii-ih-,] |i llv ■ r I- 'f II ■ ini'll or j 
slide, pul a cover slip over the top 
and leave I he jelly to set 



Gum oidhk 
or size 


Spec 


Jelly 



The specimen 
may be one you 
have stained first, 

Cut away any tXCtSfl jelly 
which dozed out under the 
CPvej slip, 



Leave Ihe fifSt coat o( pain I Lu dry it you use 
Iww edats. 


You should label all your mounts, 
giving the date and information 
about the specimen, such os where it 
was taken from ond how it is stained. 
Keep your slides in a slide box (see 
page 46) so they do not get dusfcy. 


s*- Final* mounted 
p specimen 


Cover slip 



Uibei with 
details 


Permanent mounts 

Your semi -permanent mounts 
should last For months, or even a 
year, but will eventually drv out 
because there is still water in the 
specimen When professionals 
make permanent mounts, they 
replace the water altogether, using 
d number of steps 

The- first step is to souk the 
specimen In a fixative (see page 
47). Then the water in the 
specimen is replaced by wax r and 
it Is embedded in wax and 
sectioned, The water is then put 
back in, so the sections can be 
stained. Finally, the water Is 
replaced by a mo untan t. which is 
left to set. this b a mixture of 
resin (a wax -like substance) and a 
type of plastic. 


Measuring with a microscope 

It is quite easy to measure the size 
d objects under the microscope. 
You can get a rough guide be- 
holding a ruler next to your object, 
with the end piece in view- (use a 
ruler where Tl'ie end piece divides 
down js Far as '/I* millimetres). 

You could also try finely tracing 
the 1 U ruler scale onto good 
quality (very transparent) tracing 
paper or clear Film, and: put this 
under or next to the specimen 


I ke scale is 
magnified by 
the same 
amouriL as 
the object, so 
the Sizes are 
correct tor 

’Veal size’ 1 . 


The best way to get really 
accurate measurements, though, 
is to use two pieces of equipment 
called an eyepiece graticule and a 
stage micrometer. If you have a 
microscope kit, these may have 
been supplied with it Otherwise, 
you can buy them from a 
specialist microscope shop. 
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Ribbon at sections 
cut by special 
nuirrotamc (oltcna 
rotary nricrnfcorne 
- fwge 24) 


W^* block 
fwan has sen 


S'-tiiung 
(aftei w&k 
inside ■-.._ 
sampled 
replaced 
l>y water) 


Ftnai m ounl on sUda 
(water replaced 
toy mou n tarsi ) 


Ft* at ire 


S pet linen 


Replacing me water 
wtth wan is done in a 
number of steps. 
These are reversed 
wlien riir wale r is 
put back In alter the 
wan bhwk has 
been sectioned, ^ 


Subatanc r- 
called d 
clearing 
auenl 


Alcohol 





. 


An eyepiece graticule is a piece of dear film or 
glass which fits inside the eyepiece of a 
microscope (unscrew the very 1 top piece and 
drop the graticule down inside). There are many 
different kinds, but they all have some kind of 
pattern of ruled lines on them. 

For measuring things as shown here, you just 
need a simple graticule which has a ruled 
graduated line marked on it The graduation 
marks need not be numbered, and the actual 
measurement of the distance between them is 
not needed either 




A stage micrometer is an 
ordinary slide which has a 
ruled 5 tale marked or 
etched on it. (Jnlike the 
graticule, the distance 
between the graduations is given, so 
it is a proper scale. The kind of 
micrometer you can buy has a line which is 
typically If) mm long, bur the divisions marked 
by the graduations may vary from tenths to 
hundredths of a millimetre. 


Stage rnlcraiTKtcf 


To measure the size of an object, first insert the 
eyepiece graticule and then look through your 
microscope. The graticule scale will be 
superimposed in locus over the top of the 
object, and you can work out how many units 
long it is. 


p* 9 units kuH] 


Nest take away the object and pul 
the micrometer on the stage. Now 
you can wotk out the length of the 
object by measuring the length of 
the correct number of units. 



The graticule image stays the same 
size it you alter the strength ol the 
objective lens, but the magnification 
of the stage micrometer will change, 
just like that of the object. 

Other graticules have grids on them 
and are used for counting objects. 


Many tiny 
objects (c.0, - 
specks of dust) 


j m this square 


5 in this- square 
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Uses of the microscope 


Geology 







Modem optical and electron 
microscopes have a number of 
important uses in scientific 

Medicine 

The invention ol the microscope led 
to enormous advances in (he world 
of medicine . For example, bacteria 
were discovered* whkh meant 
medical scientists found out the 
causes of many illnesses and were 
able to develop cures for thorn. 


Forensic science 


Geologists examine pieces of 
rock under the micnostop 
out what they are made from (see 
also pages 32-331 
In the oil industry, tor example, 
rock samples from different levels 
are examined while a well is being 
drilled- This helps the oil company 
decide how the drilling should 
proceed The rock samples can 
also give the geologists a lot of 
information about underground 
rock formations. This is important 
for drilling other wells in the same 
area, 


research and industry. On the 
four pages, you can find out 
3boul some of these uses. 


This vims causes, 
measles (it is shown 
in uFirE^ltstic cptours) k 


Human tissue could also be 
examined closely for the first time, so 
scientists were able i 
exactly how our bodies 


Optical microscopes are now used 
all the time In medicine, Doctors use 
them in hospital laboratories, when 
examining human tissue for disease. 
They also use microscopes when 
carrying out tricky operations, called 
microsurgery. Electron microscopes 
are used in research, for example 
when scientists am irying to work out 
the structure of viruses. 




Detectives also take fingerprints. 
They work out which ones should 
not be there by eliminating the 
fingerprints of the people who live in 
the house, Vou can make your own 
library of" known" fingerprints, to 
compare with ones you find. 


In the forensic science laboFOlory, 
slides are prepared and all the 
different things are examined under 
a microscope. So much detail can 
be seen that it often makes each type 
of particle, such as a lype of fibre, 
unique If the same type of particle is 
found on a suspect, it will be very 
important evidence in the case for 
charging them with the crime. 


Microscopes play a vital rote in 
helping detectives solve crimes. 
Magnifying glasses are often used ai 
the scene of a crime, but all the 
fragments of evidence which are 
found art- then taken away to be 
looked at under optical microscopes 
in the forensic science laboratory. 


Detectives culled tiny pieces of 
evidence found at the scene of a 
crime, such as a burglary. They 
collect things like hairs, dirt from 
shoes, scraps of clothing, spots of 
bbod h carpet fibres, and maybe 
glass from a broken window. 





A fingerprint library 


You will need a stamp pad. You can 
buy these from a stationer, or you 
ran make your own by Folding a 
soft doth or some kitchen paper a 
number of limes and then soaking 
it in poster paint Take your own 
prints, as shown he*e, and also 
those of your family and friends 
Ideally, you should take a fuJJ set of 
prints ( 10 prints} from each person. 

Wiiatyuu wfcii need 

Palfrt pad nr stamp pud - 


Roll the linger several 
limes from side to side 
on the pad, , ■** 


Paper lapedV ^ Magnifying 

glass 

If you |ust want to look at your 
prints with a magnifying glass, you 
can roll your finger directly onto the 
paper in a scrapbook. If you want to 
use your microscope, make prints 
on small pieces of paper, and tape 
these to slides. You could also try 
making the prinls on glass slides- 
L fee low power, with top 
k lighting for prints on paper 
e^and bottom lighting for 
prints on glass. 


Make a print by rolling the finger 
from side to side again on a 
^ scrapbook page, a small 
piece of paper or 
a slide (see right). 

Pu :,h dawn qiiile 
\ / hard. 


Scrap booh 


PScttV^ 
□I paper 


island 


Look closely at the prints and 
identify the different features 
(see right). Later, when you find 
an unidentified print, you should 
compare its features with those 
onyoui "known" prints. 


Finding fingerprints 

The most likely places to find prints 
aiound the house are doorknobs, 
switches and handles Think about 
where else people put their hands 
Smooth, polished surfaces show the 
best prints. 

Scatter either talcum powder or 
finely ground, soft pencil lead 
(graphite) on and around the print. 
Use talcum powder on dark surfaces 
and graphite on light ones. 



Use a soft 

paintbrush to brush 
the powder gently 
over the print. 

Brush away any 
loose powder. You 
should see a clear 
print on the Surface. 



Stick a piece of 
wide sticky tape 
over the print, rub 
over the area with a 
fingernail or 
paperdipand then 
gently lift the tape 
The print should 
transfer 10 the fape. 



Stick the tape down on some paper 
(dark paper if you used talcum 
powder} or a slide. Mow compare 
features with prints you know. 



You could also build up slide or 
scrapbook libraries of hairs and 
other fibres (e g from clothing and 
carpets). You can then use your 
library to identify unknown fibres. 
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special 

animal pane icdtuies and 
rThfrtree pollen shew Oils 


Be care Pul with 
sharp edges 




pOWei' 


MeedJes 


edges. v 
ni points 


Materials research and industry 

Microscopes, both optical and electron, are 
used by scientists whose work involves 
testing different materials. Lots of tests are 
carried out such -as tests to see hew much 
stress a material will lake before it breaks 
T he material may be stretched, squashed, 
heated or cooled, and 15 then looked at under 
(he microscope to see if its structure has 
changed. Scientists also test to see how new 
materials react lo chemicals, for example, 
how a new man-made fibre reacts \o different 
detergents, 

Spcdal miauscupes are 
often used to f luukiiijj -jl 
shiny metals (androeks). 
The light is directed dowil 
the ocular tube, and 
bounces off I lie me Lai 
straight back up the tube. 

Special light attachment 

Some, microscopes used tu 
look at metals may have a 
hot 5la*J£- The stage heats 
lip arict coots the metaC sa 
the effects of temperature 
cab bn shitied actual^ 
while they are happening. 


Microscopes arc also used to 
check finished products lor 
faults, such as cracks, before 
they are sold This is called 
quality control. Also, when a 
producE or piece of machinery 
fails, j microscope is often 
used sn the- investigation. 

Look at different metals 
under your microscope, lo 
check for "wear and tear". 

Lbe medium or low 
and top lighting. You 
may see worn 
or tiny cracks 
of particular 
stress. 


In some industries, microscopes ate 
needed in ihe aclual process of 
production, because the things being 
made are so small When gemstones 
are being cut or inspected, lor example, 
the craftsman needs to look at them 
through a microscope. Another good 
example is ihe electronics industry 


Aeroplane crashes, for 
example, may be caused by 
metal fatigue, when tiny cracks 
appear in meial and gel bigger 
because of vibration. 
Fragments from a crashed 
plane may show up metal 
fatigue when examined. 

Worn edge of kuffe 


Many modern electronic 
circuits, e.fl., in wtIsL watches 
or computers, arc 
microscopic. 


Archaeology 

Optical and electron microscopes 
help archaeologists build up a 


archaeological dig are examined for 
dues. For example, certain leatures 


picture ot how people lived long ago. of animal bones found in ancient 


Tiny things Found at an 


human settlements tell 
archaeologists whether the animals 




were wild or domesticated, which 
shows whether the people were 
hunters or farmers. Preserved gram 
shows that land was Farmed with 
particular crops and preserved 
pollen also helps In working out the 
picture. Different types of pollen 
show the different plants which grew 
Ajrin aparticular area. 


Letts of |r*f poller* shows trus 
area ^auiak>.resK, 


,l '* J} Av' ( . 


' 




4^ 
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Food and the environment 

Tht microscope is used widely to 
help farmers and people who 
package and store food. For 
example, it is used to investigate the 
bacteria and oiher parasites which 
cause animal deaths or crop failures. 

The fight to produce more food also 
involves microscopes Careful 
dissection of particular pait:^- oF a 
plant under a microscope lead Ip the 
development of new, taster growing 
strains of Food plants and virus- free 
versions of plants. 



T he preservation of food 
(treating it so rt can he kept for 
longer) is carried out in a 
number of ways, such as 
cooking the food and then 
canning or bottling it or 
pickling, Freezing or drying it. In 
ali cases, samples ol the Food 
are checked under a 
microscope at regular intervals 
to make sure that no tiny 
organisms have crept in (such 
as bacteria or fungal spores - 
see pages 16-19). 






Atlotn fragment 
may prove the 
□topic <QUkt vwave. 

■ fcsleee of Imww may 
£ show signs nF 
sharpening for 
use m a tool. 


Scientists analyse the 
levels ot different 
particles in the air soil 
and water under a 
microscope to find out 
about pollution. See what 
is in your air by leaving a 


jelly dish (see page 1 6) of 
some strips of sticky tape 
oui in the open tor about 
24 hours. Stretch the 
tape round a Frame of 
some kind. 

Frame (could be wood o* sllfl 
aboard) 

Strips oF Tape, sticky iidc 
outwards, lacing lht wind. 

Weight ll down wiih 
Clicks oi stones 
H necessary. 


dish 


Funs 


spores 


Polkn is Found almost cverywMeie 
(grass pollen mainly in 1 own s, all iOrtS 

of pollen in the country This causes 
hay Fever. 

t'Occ c will be loti of SO«t particles in 
lawn air. 


Cut out a sliver of jelly or a 
piece oF tape with specks 
on il and pul ti on a slide 
( sticky side up, if lape} Pul 
a drop ol water on it. Then 


put a cover slip over the 
top and look at the 
particles using bottom 
lighting and fairly high 

pow^r. 


WFial you sec depends Oil 
the. urcu you live 
In. and the 
lima of 
year, 


You may have 
caygtu tiny 
Injects* 


ArchawSogisls also look at 
preserved fibres, to show what 
peopk: wore, as well ds fragments of 
■indent buildings, pottery and lools. 
Archaeologists c an often create a 
very detailed picture of how the 


people and their homes must have 
looked* from closely examining all 
the different materials and the way 
they were put together 


Hausen can sometimes l>e 

rec onslniclcd alter close examlnariDn 

of tiny liagmcrsts. 




How an optical microscope works 


In order to find out how an optical microscope 
works, you first need to understand how lenses 
bend' light This is called refraction, The single 

Refraction 


lens in a magnifying glass and the two lenses in an 
optical microscope all refract light to lorm the 
image you see. 


Lenses and images 


Light rays always travel through a 
substance (such as air) in a 
straight line, but if they go into a 
second kind of substance (such 
as water), and hit the border 
between the two substances al an 
angle, I hey are "bent", or 
refracted, 



Ray offrght 
refracted when if 
hits the Wdler. 


This is ciiWc-d tiie 
angle ti-F 
refraction. 


" /* 
This imaginary i 

line is called the 
normal. 

This is called the 1 
ancle of J r ^ 

incidence. 


Water 



The tyt \ 
assumes 
I fir rays 
travelled In 
straight 
x ^v, lines. 


suck \ 

*** 

Mole - light rays 
are said to come \x 
from an object. 

Actually they are 
bouncing off the object 
(they have come from the 
sun or another kind of light), 


You t\?m see this tor yoursdf if you 
put a slick into water at an angle. 
The stick wall appear to be bent, 
and you will see it in the wrong 
place. This is because the eye 
always 'Thinks' 1 light travels in a 
straight line. 

Light rays from different 
parts of the stick are 
refracted when they 
mee t Efre air ti 1 an 
an gilt 

The eye sees 
the (mage 
here. 


Like water, yldss refracts light 
Lenses are special pieces of glass, 
made with curved surfaces. T hey 
produce images of objects. An 
image is a view of an object at a 


A magnifying glass has a single lens. 
This produces an image which is 


place other than where the object is. 
Different shaped lenses produce 
different kinds of images, depending 
on the shape of the lens and the si/e 
and position o! the object. 


larger than I he object (a magnified 
image) 


Types of tem 


COKVCJl | 

H 

Bi-eonvex(bolh 
surfaces curve 
oulw&idsl 

1 

_ 

Plano-convex 
(one surface 
curves outwards, 
j the other is 
straight) j 

— 

\ Convex meniscus < one 

, surface curves outwanis, 

the cither inward*, but the 
/ Fens is thicker In the middle 

' / than ot the edges) 




r 


Concave 1 


Ui-concave (both 
surfaces curve 
inwards) 

! 

Plano-concave 
(one surface 
curves inwards, 
the other Es 
straight) y 

/ 

Concave meniscus ( one 
surface curves inwafds . the 
other outwards, but the 
p tens is thicker at the edges 
than in kite middle) 


Magnifying glass ( ] stage mag nilication) 



Rays 
refracted 
by tens 


F?dvi refr acted fry lens 


Magnifying gJj sis 


Example light rays from 
other end of abject 


Light rays are r-efroc ted 
once when they enter 
the frns and again when 
they leave 11. In a 
diagram. this Is 
normally just shown as 
on t C I ! jz’igc Of direction, 
taki ri [| place at the 
centre, of the lens. 


Example light rays from 
one end of object 


Rays appear to have come 
from a JKHIU here (the eye 
"thinks"' the light has 
travelled In a straight line - 
see left)* 




Rays appear to have come 
Prom a point hcre.t 


Eye sees image here (Image larger than object) 
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Cleaning d te-ns 
urunp d blower brush 


Jn an apucal microscope* there ore 
two images, both magnified. The 
first is formed by the objective lens. 


\ his acts as this object (or the 
eyepiece (lens), which produces a 
second, even target, image. 


Looking after your 
microscope lenses 

Dust and greasy marks on your 
microscope lenses will make the 
images you see much less sharp 
Aiso, when you dean the lenses, 
the liny dust particles will scratch 
their surfaces. Here are a few tips 
about looking after the lenses 
properly: 


I . Always 

keep a dust 


when you are 
not using rt. 


First image (larger thai 
object), made by 
object^ Itns- Acts 
object for eyepiece. 


Rays come to 
a poini 


refracted 


Rays appear to 
have come from 
a point here r 


flays from one 
end of object 


Rays come to 
a poin t 


Kays 

refracted 


Objective 

lens 


Rays appeal to 
have come from 
a point here * 


Final image -seen by eye ( linger than first Image 


Compound lenses 

The diagram above shows the lenses 
in an optical microscope us single 
bi- convex; Senses, in fact, at least One 
of them, normally the objective lens, 
is a compound lens This is a 
combination ol two or more lenses 
□ F different types of glass. 

Single lenses suffer from detects, 
which lead lo the images being 
distorted in some way. One common 
problem is chromatic aberration 
This is where the image has a "haJo" 


Compound lew made oi two lenses 
One H -convex lens 

L_. One piano- concave lens 

of colours around il , because the 
colours which make up white light 
have not all been refracted by the 
same amount 

A compound lens solves this and 
other problems any distortion 
caused by one of its lenses is 
corrected by the other lens(es} 

You can see this for yourself iF 
you shin* * thin burn rif light 
through a lens onto a screen 
(White paper). 


2, AJways leave an 
eyepiece in the lop of 
ih-e ocular tube, so 
dust cannot get 
inside the tube 
and onto the 
objective 
Jens at the 
bottom, 


3. Remove dusl and greasy marks 
by wiping with a lens tissue or a 
soft brush. You can buy Jens 
tissues, or a complete lens- 
cleaning kit, From a chemist oi 
optician. Many photographic 
shops stock speciai blowe* 
brushes, which puff air to blow 
away the dust. 


Optical micros opr (2 »Ugc mdflniricalJtiri) 

To eye 


Rays refracted 


R-iyri refracted 


Rays If pnm ne end 


Eyepiece (lens) 

Raya from other md 
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The electron microscope 


Electron microscopes are large 
rind complex. They use elec irons 
instead of light, and magnify 
objects up to about 250 000 
times, corn pared to about 2000 
times for optical microscopes 
i' see resolution and magnification 
on page 45 ), The images they 
produce are black and ■while,, and 
are often given false colour" (as 
shown on these two pages). 


What arc electrons? 


Electrons are extremely tiny 
particles, thousands of times smaller 
than atoms. They have a negative 
electric charge and, because of Ihe 
way magnetism works, this means 
their motion can be controlled by 


magnetic fields. In an electron 
microscope, magnets [called 
magnetic lenses} bend streams of 
electrons in the same way as glass 
lenses bend light rays in an optical 
microscope. 


JJyhl rjy in optical 
mkr&ScOpe 




Beam or electrons in 
electron rttkro-scopc 

Msignctk field 

Bearn bent 




Vacuum 


Viewer 


The transmission electron microscope 


The transmission 
electron microscope 
( JEM) works by 
"lighting up" a 
specimen on a stage 


with an electron 
stream, and focusing 
and magnifying the 
image with 
magnetic lenses. 'I he 


electron image, which 
is invisible, is changed 
into a norm ai r visible 
image by using a 
special screen. 


A fast-moving stream of electrons is 
produced by an electron gun at the top of 
the microscope Avery high elect™: 
voltage is needed to work the gun, so a 
special power supply is needed. 


The electron stream is concentrated onto 
the specimen by a magnetic lens in the 
same way as 
a condense! 
focuses 
light (see 
page 8). 

False colour 
TEM photograph 
gf red blood 
cells moving 
through the 
walk of a 
blued vessel 


Specimens for electron microscopes need 
careful preparation. Living cells cannot be 
used, due to the vacuum - they would burst 
from the build* up of water pressure inside 
them. Specimens are often treated with 
chemicals to make features show up 

When cutting sections For the electron 
microscope, specimens are embedded in 
resin and cut using an ultra microtome. 

The sections made are typically a hundred 
times thinner than those made for use Fn 
an optical microscope (see pages 24-25). 


The electrons pass through the section 
(on a metal grid}. Their paths are all erect. 

Meta] Specimen making an image, 
ftrtti ^ Thta f ocu&ed and 
magnified by another 
magnetic lens. 


Inside the tube there is 
d vacuum (no sir}. 

This is because 
electrons are stopped 
by part ides in air. 
so they would not 
get far in an asr- 
fillod tube. 

FbJs& colour TEM 
photograph of a section 
o! a tell in the to ul oi 
I a plain - 


The electrons hit a fluorescent screen. 
The more electrons that hit each point, 
the brighter that 
point, glows This 
produces a visible 
image (recorded by 
a camera). 


False colour TEM — — 
photograph of a section 
&F 4 green jI q a { single- 
celksJ plant} 


magnetic 

tens 


— 

T 



Camera 

— 


Electron 
gun 


Meta 

grid 

with 

d section 


Stream 

of 

electrons 


Stag 



Resolution and magnification 


The amount ol detail which can be 
seen in an image is called its 
resolution. An optical microscope 
has a much greater resolving power 
than your eyes, so the images it 
produces have a higher resolution. 
The resolving power of I he electron 
microscope is much greater still, 

The eye can distinguish 
Jh 1 tween objects which 
sic down l.o 

apart h-fffofc I he I a 

blur together. 




Lighl rays are is bent as they pass 
til rough an object, forming an 
image. Very small objects, though, 
do not affect light, so 
cannot be seen with an 
optical microscope. 

Once a certain 
magnification is reached, 
magnifying further will 


The scanning electron microscope 


The scanning electron 
microscope (SEM) Is 
used to examine the 
surface of objects, It 
produces images 
which are greatly 
magnified (up to 


100 000 times) and 
show the actual shape 
of objects As well as 
producing incredible 
pictures, the scanning 
electron microscope 
shows up detail which 


can be vitally 
important to scientists 
in many fields, such as 
medicine. It works by 
scanning the surface 
of an object with a thin 
electron beam 


show up no more detail - the visible 
details just get bigger. 



Electrons are affected by objects 
hundreds of times smaller than 
those which affect light. 

Thl$ means that an 
electron microscope has 
a much higher resolving 
power. 

Electron microscopes can j 
distinguish objects 
0,.0O0tHKj&m m jfiart. 



Fab* 

Edour SEM 
photograph 
, ol the 
head of a 
btack 
garden 
worker ant 



Electron 
ijiiir jgj 


The strength gFthe 
signal the detector 
produces at any one 
moment depends on 
the amount ot electrons 
it is receiving (which In 
turn depends on the 
surface angle) 


An electron gun produces a 
stream Of electrons. A set of 
magnets shapes the stream 
into a very narrow beam. 

The direction of the beam is 
controlled by another set of 
magnets, whose magnetic field 
is constantly changed between 
two extren ses to make the 
beam scan back and forth over 
Hie object on the stage. 


The electrons hit and 
bounce pff the object. 
The direction they 
bounce in depends on 
the angle of the surface. 
They are collected by a 
set of magnets and 
focused onto a detector 


Beam dtlltcted fry 
scanning magnets 


The spot on a television 
monitor scans across the 
screen as the electron 
beam scans across the 
image. The brightness of 
the spot is controlled by 
the strength of the 
signals From the detector. 
In this way, a "light and 
shadow" picture of the 
object Is built up on (he 
screen. 


Scanning 
control | 


The specimen is dried so n 
does not lose its shape in 
the vacuum. The electrons 
would normally go Straight 
into it, so its surface is 
coated with a very thin film 
of metal, to make them 
bounce off, 


Rrw - 

ehectron 

beam 


Vacuum 


Detftiar 


Television 

monitor 


Specimen held 
on Sla^e 


False 
colour 
phuto^r&pfr 
of a 

strarkd id 
colton 
through 
fhe eye at 
ii needle 


False ^ 
colour SEM 
photo^iapli| 


Bearn 
scans 
Stage like 
Ihis l 


the skin 
of a human 
hand 


Electrons bounce Bit 
anej are coflecled. 






• 'I- 
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Equipment 


Below is a ba.sn:: list of equipment that you writ lind useful 
when working with your microscope, Scmr items can be 
obtained from hardware and chemist shops, and all of 
them should be available from specialist microscope 
shops, or scientific equipment suppliers. 


f he lisl doey not include the individual things you need 
for the special projects in the book, such as making the 
|d!y on page 16 or the hand microtome on page 24 
The pictures are not drawn to scale. 



^ Tweezers or 

forceps, It is useFul 
In have iwo pairs, 
one wiii i bluNl 
ends and the other 
with pom i yd ends 
You can also get 
y Special tweezers 
which htfve soft, 
flexible ends 


Different 

tweezers 


^ Slidi? box Cover slips V-^ 

Slides ol all kinds (set 3 page 13), cover 
sJip'r. and a slide boa (you could make 
one of these), 

Petri dish Watch alas? 


Forceps 




Crystallizing 

dbh 


Dishes such its crystallizing dishes, peth A selection ol differeni stains {see page 
dishes and watch glasses. 30). 



For cleaning yum lenses (see page 43) 
you need lens tissues, and maybe a 



\i you want to measure specimens, you 
need an eyepiece graticule and a sijye 
micrometer (see page 37 ). 





Ha/oi Wattes 


A scalpel or craft jknite. and some 
smLfk 1 edged rratf razoi blades I see page 
25). 






^ Dissecting and mmmtm 
needles tor positioning 
specimens 

Test tube: 


Glass lads 


^ A pipette or some 
kind o\ di upper 
{you could get one 
from an old 
eyedrop or 
eardrop bottle), 
and a glass rod lor 
making smears, 


Tubes such as (esl tubes may also be 
useful. Make sure they have stoppers or 
bungs. 



blower brush 


net is useful \a 
(see 

You can buy one, 
or make one using a bent 
coat hanger, a hollow pole 
<i.cg. a piece of bamboo), 
and some fine nylon ur 
muslin - you could use the 
material used rn 
wmemaking (buy fhis from a 
chemist). It comes In 
differeni grades - you wilt 
need the finest grade for 
most plankton. 



Notebook or 
notepdpcr 


Blotting paper 
or niter paper 


Sticky l.i f"jf:l ■=, 


Other things you may need 

Th?:st j are mainly things which you can 
find around the house You should 
collect them together, and keep 1 hem 
with fhe rest of youi "kit" 

Pgpcr towels 


Large stota^s jars for pond and sea wstet, and 
weeds 

Jars arrd bottle s, c«g. baby fnod 
jars and medicine bottles 


ScraptH>i*h 


Pieces of card 
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Glossary 

On rhis page* you wilt find a list of the more advanced 
terms which have been used sn Ehe book. The last also 
includes some other terms which you may come across 
in your further reading about the microscope 


Chromatic aberration A e nmrnori psoblem ol single tenses 
The dill deni wavelengths of visible (white) light are refracted by 
slightly different amounts, as happens sn a prism, and appear 
as a coloured halo (the colours of the spectrum) around the 
edges of the rm-age 

Coarse adjustment-focusing knob. A focusing knob on an 
optical microscope lor basic coarse I Dousing I his is sufficient 
with low power k? rises. 


Dark ground illumination. A ^ 

lighting technique For showing up 
detail in transparent objects. Only 
light which flay n ■ I k-clerl ol f the 
objects is allowed into the 
objective lens. This produces a 
view of bnght objects on a dark 
tjtfckyionrid. 

Decomposing The freaking down ol dead plant and animal 
TTintl ?H, L r , so Ifial the basic chemicals of life they contain (mainly 
carbon and nitrogen f can he released ha k inlo iialuie's cycles. 
Decomposing is done by htfeter ia and lungs. 

Depth of field-focus. E he range over which an optical 
i nst i ljj'i 1 1 -n I will produce a focused image A large depth ol 
focus, such as th at of a ste re oscopi c m ic roscope r n car s* i 1 1 al 
manual focusing s easier and only needs coarse adjustment, 
rather than fine adjustment, 

Electron microscope. A 
mtcroscope which uses 
beams ol electrons 
(subatomic particles) to 
produce images, instead of 
using light, as optical 
microscopes do There air 
a number o* diHeienl lypes. 


Held of view. The whole area visible under a mir roscope 

Fine adjust ment/foc using knob. A focusing knob on a 
microscope For very fine focusing adjustments, such a* those 
needed with high power lenses 

Fixative A pi eservafive whose preserving powers last even alter 
il fiay been washed away. It aclu ally changes the structured the 
tissue it is added to. 

Graticule. Any regular pattern of lines ► 
which can be reproduced on a 
marked scale to give a measurement. 

An eyepiece graticule is a graticule on 
clear film or glass which fits into the 
eyepiece oF □ microscope 





Inverted mtcroSCOpC A microscope, o fieri bmoculur or 
stereoscopic, where ihe stage is at the lop, and the viewing 
system is underneath Prisms are used to refract the light round 
the ocular tube, which is normally angled in two places, so that 
you look downwards its usual, but sec upwards, 



Magnification The degree of enlargement of m image 
produced by an optical instrument 


Magnifying power. The capability of an optical instrument to 
produce differenl levels ol magnification, 


Micrometer. Any instrument used to measure liny distances. A 
stage micrometer is a micrometer consisting of a scale etched 
on dear film or a glass side. It is placed on the stage of a 
microscope, like any other slide. 


non -vital staining. I he staining of dead plant or animal tissue. 


Photomicrograph. A photograph taken ol an image made by 
art optical (,]i an election rrucmse, i j j-: 

Polarizing microscope. A ► 

microscope which 
mi orpOrafes pieces of 
polai i/sr icj r na 1 1 ;i iul 
1 h esc produce polai i/i>d 
Fight < l?ght m one plane 
only) from normal light 
Pnlari/ir ig i t i ic i f ist :opeS 
are mainly used for 
viewing mineral crystals 
rind metals* 


Preferential staining I he pm: in whit h • chain plains 

“prefer" some substances in a specimen in others. Hence they 
slain some, but not all. of the features in the specimen. 

M Reflection The 

'bendi ng of a wave ( e.y . 
alight wave) w hen it 
moves from one 
medium inlo another, 
which causes it to move 
at a different velocity (e.g 
from air into glass). 

Resolution. The degree ol detail ol <1 visible object orlhe image 
of l hat object 




Resolving power. 1 he capability of the eye or an optical 
instrument to produce different levels of resolution 


Vital! staining Tin: staining of live plant ot animal tissue. 
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Accessories (microscope) 9 
Algae. 2 1, 22 

Antonie van Leeuwenhoek. 4 
Aperture control, 8. I ! 

Archaeology (microscope u^es’l 40-41 

Atoms. 5 


Bacteria, 4. 16-17 
Binoculai microscope, 4 
Blood, 5,31 
Bottom lighting, 10- 
Bread mould, 19 


Cells, 4, 5* 14-15. 25, 26-27. 30*31 

Chloroplasls. (5 

Chromate aberration. 43, 47 

Coarse adjustment! focusing) knob. 47 

Colour fflters> 31 

Compound eyes t 20 

Compound lens. 43 

Condenser (condensing lens), 8 

Crystals, 34-35 

Cytoplasm, 15 


Dark ground illumination, 20. 47 
Decomposing, 16. 1 8. 4^ 

Depth of Held (focus) 47 
Dust. 13 


Electronic ii 44 

E-lecironscs (microscope uses). 40 
Electron microscope. 4. 5. 44-45, 47 

- scanning, 45 

- transmission. 44 

Environment (testing), 4 j 
Equipment, 46 
Etching, 33 
Eyepiece (eye lens i, 6 
■ graticule, 37. 46, 47 


T abt ics. 7 
Feathers, 12 
F ibres. 7, 36. 39, 4i 
Field lens. 6 
Field microscope. 9 
FWtdol view. 47 

Fme adjustment (focusing) knob. 47 

Fingerprints. 38, 39 

Fingertip test for bacteria, w 16 

Fixative, 36. 37, 47 

Flowers, 27 

Focusing. 8. 1 1 47 

Food. 

■ development 41 

■ preservation. 4 1 
testing for bacteria, S7 

Forensic science (microscope uses). 38 
Freshwater, 

plan! and animal life, 22-23 
Fungi, 18-19 

■ spores, 19 4| 


Geology (microscope uses), 32-33, 35, 3R 
Glass, S 2. 42 


Graticule, 46, 47 
eyepiece. 37, 47 


Haws. 12 

History ( microscope )* 4- 5 


Humiliation system 8 
Images. 42-43 

Industry (microscope uses). 40 
Insects. 28 
slide trap. 3.28 
Inverted microscope. 47 


Leaves. 27 
LenslM), 4. 42-43 

■ cleaning. 43 
compound. 43 

■ eye( piece). 8 

- Iieid, 6 
objective. 8. 10 

- waler-dfOp. 4 
I jghling, 

bottom | transmitted ). 1 0 

■ top. 13 

Linen tester, see Piece glass 


Magnetic lenses, 44 

Ma : inification. 9.45.47 

Magnifying bo*. 6 

Magnifying gSdhses. 5-7,42 

Magnifying powei. 9. 47 

Materials research (microscope usesi. 40 

Measuring specimens, 36 -37 

Medicine (microscope uses). 38 

Metals. 40 

Mlcrofossili 33, 38 

Micrometer. 46, 47 

■ stage. 37, 47 

Microscopic scale, 5 

Microtomes. 24-23 37 

Minerals. 32-33. 35 

Mounting, 14-15 36-37 

Mulli-ocular rnit rascope, A, 9 


Non vital staining. 47 
Nosepiece. 3 r 10 


Objective lensies). 8. 10 
Qculai lube 10 
Oil exploration* 33. 38 
Optical microscope. 

- parts ol, 8 


Paper fibres ? 

Pemnanenl mounting, 36-37 
Photomicrograph, 4 7 

Piece glass. B 

Plankton, 20 

Plant sections. 25, 26-27*30-31 
Polarized light. 35 
Polarizing microscope. 33 47 
Polishing rocks. 33 


Pollen. 27. 40, 41 
Pollution, 4 1 

Preferential stamina 30,47 
Pr inting, 6 
Projector screen, 9 


Quality control, 40 


Refraction, 42. 43 47 
Resolution, 45 47 
Resolving power 45.47 
Robert Hooke, 4 , 15 
Rock(si. 32-33, 35 
Rock pools, 

plant and ammal life. 21 
Roots and root hair u . 26 


Scale. 5 
Sea. 

plant and animal lile, 20-21 
Sec 5 ior ling ai id sections, 24 27 . 36 37 
Semi- permanent mounting, 36 
Skin. 7 

Slides, II. 13. 46 
Smears. 14.31 
Soil. 35 

■ animal life. 23 
Soot 13.41 
Stage. 8 1 1 

micrometer. 37, 46 47 
Staining and slain*. 30-33 
Stems, 26 
Stereo magnifier, 7 
headband. 6 
Stereomitfoscope, 9 


Telescope, 5 

Temporary mou rtl Iru I 1 4 1 5. 38 
T issue specimens. 25. 36.37 
Top lighting, 13 

Transmitted lighting,, see Bottom lighting 
Tripod magnifying glass, 6 


Vacuoles. 15,30, 31 
Vegetables, 27, 30 
Viruses. 17. 38 
Vital slaming. 47 


Watchmaker's eyeglass. 6 
Water-drop lens. 4 
Wood. 27 


Yeast, 16, 19 
Zoom eyepiece, 8 


r he photographs on pages 44 and 45 were 
kindly supplied by l be Science Photo l-ibrary, 
WV-Stbourne Grove, London 
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USBORNE SCIENCE & EXPERIMENTS 


The Osborne Science and Experiments series is a practical introduclion to the world 
of science. Each book explains the basic principles of its subject with the use of dear 
text and detailed pictures. Projects, experiments and activities, some easy, others 
more complex, appear throughout the books. These have clear and precise 
instructions and help you understand the theories by putting them into practice. 

Tiie World of the Microscope investigates the enormous variety of objects too small 
for the eye to see, from bacteria to rock crystals. Step-by-step diagrams show how to 
yet the best from a microscope and how to make and keep slides. The book covers 
different types of microscope, from magnifying glasses to electron microscojjes. and 
there are plenty of exciting suggestions for projects which reveal the incredible detail 
of everyday objects. The book also contains information about the many uses of 
microscopes in science and industry. 

Also avail able in this series: Ecology 
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